AEDC-TSR-78-V25 
AtjfiiisT  ]978 


UNCLASSFIEO 


DOC_NUM  5ER 

UNC2B854-PDC  A 


. MAR  .?  S 1980 
AUG '!•  . 1990 
■,UN  0 3 1998 


HEAT-TRANSFER.  SURFACE-PRESSURE.  AND  BOUNDARY-LAYER 
SURVEYS  ON  CONIC  AND  BICONIC  BODIES  WITH  BOUNDARY-LAYER 
TRIPS  AT  MACH  NUi^EEP  6 - PHASE  II 


Frederick  K.  Hube 
ARO,  Inc.,  AEDC  Division 
A Sverdrup  Corporation  Company 
von  Karman  Gas  Dynamics  Facility 
Arnold  Air  Force  Station,  Tennessee 


Period  Covered:  April  13.  17,  and  18,  1978 


Approved  for  public  release;  distribution  unlimibed. 


Reviewed  by: 


Lcf- 


ERVIN  P.  JASKOLSKI,  Capt.  USAF 
Test  Director,  VKF  Division 
Directorate  of  Test  Operations 


Approved  for  Publication 
FOR  THE  COMMANDER 


ALAN  L.  DEVEREAUX 
Colonel,  USAF 
Deputy  for  Operations 


Prepared  for:  Space  and  Missile  Systems  Organization 
RSSE,  P.  0.  Box  92960 
Worldway  Postal  Center 
Los  Angeles,  California  90009 


ARNOLD  ENGINEERING  DEVELOPMENT  CENTER 
AIR  FORCE  SYSTEMS  COMMAND 
ARNOLD  AIR  FORCE  STATION.  TENNESSEE 


UNCLASSIFIED 


If  s.  Air  Fora 

i:-'.  :i  Y 

} , -ij  j-a 


UNCLASSIFIED 


REPORT  DOCUMENTAtlON  PAGE 

■ HEAD  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER  j.  GOVT  ACCESSION  NO. 

AEDC-1SR-78-V25 

1.  RECIPIENT'S  CATALOG  number 

4.  title  ^and  Jublill,) 

, Heat  Transfer,  Surface  Pressure,  and  Boundary- 
liayer  Surveys  on  Conic  and  Blconlc  Bodies  with 
Boundary-Layer  Trips  at  Mach  6 - Phase  H 

S.  TYPE  OF  REPORT  4 PERIOD  COVERED 

Final  Report 

April  13,  17-18,  1978 

4.  PERFORMING  ORC.  REPORT  NUMBER 

7.  AUTHOR^N)  “ 

Frederick  R.  Hube,  ABO,  Inc.,  a 

Sverdrup  Corporation  Company 

B..  CONTRACT  OR  GRANT  NUMSEHriJ 

t.  PERPORMINC  ORC AMI  EATION  NAME  AND  address 

Arnold  Engineering  Development  Center 

Air  Force  Systems  Command 

Arnold  Air  Force  Station,  Tennessee  37389 

IB.  PROGRAM  ELEMENT.  PROJECT  TASK 
AREA  6 WORK  UNIT  NUMBERS 

Program  Element  63311 F 

II.  controllinc  office  name  And  adoress 

SAMSO/RSSE 

P.  0.  Box  92960,  Worldway  Postal  Center 

Los  Angeles,  Calif.  90009 

IS.  REPORT  DATE 

■July  1973 

»■  NUMBER  OF  PACES 

68 

14.  UONITORIHO  AGENCV  name  S ADORESSrif  illlltimni  /mm  Con»aflin«  Otllut) 

IS  security  Class,  foi  m,  r,po.ij 

Unclassified 

16a.  OeCLA6$lFiCATlON ' DOWNCftAOrNO 
6CHEOul£ 

N/A 

16-  DISTRIBUTION  ST ATEMEN T fof  ■ 

Approved  for  public  release;  distribution  unlimited. 

•T.  OlftTpilBUTION  STATEMENT  fA/  lA*  mlararf  Jn  Block  20^  H dUioroM  Uoot  Bopoff} 

Available  in  DDC. 

IS.  KEY  WONGS  (Continue  on  fmvotoo  mido  itnmcoMMory  end  identify  by  block  numbeO 

boundary-layers  transition 

hypersonic  flow  heat-transfer 

boundary  layer  trips  pressure  distribution 

conic  bodies 
blconlc  bodies 

0 


o 


Heat  transfer,  surface  pressure,  and  boundary-layer  surveys  were  obtained  on 
® cone  as  well  as  10.5/7  deg  and  14/7— deg  blconlc  bodies.  These  data 

were  obtained  to  determine  the  Influence  of  boundary-layer  trips  on  boundary- 
layer  characteristics  when  compared  with  a naturally  turbulent  boundary  layer. 
Flow  field  measurements  Included  pitot-pressure,  total  temperature,  and  Preston 
tube  data.  Surveys  were  performed  at  several  longitudinal  stations  along  the 
bodies.  Boundary— layer  trips  consisted  of  Carborundum® grit  bonded  to  the 
nose  tips  or  a single  row  of  spherical  elements.  Data  were  obtained  at^^d^ 


DD  1473 


EDITION  OF  I NOV  69  IS  OBSOLETE 


UNCLASSIFIED 


UNCLASSIFIED 


Dominal  ^ch  number  of  6 at  free-sCream  Reynolds  numbers  of  2.5  x 10  and 
4.7  X 10°  per  ft.  A variety  of  nose  bluntness  and  trip  comblnatlona  were 
tested  at  zero  angle  of  attack. 


UNCLASSIFIED 


CONTENTS 


NOMENCUTURE 3 

1.0  INTRODUCTION  4 

2.0  APPARATUS 

2.1  Teat  Facility 4 

2.2  Teat  Article 5 

2.3  Teat  Instrumentation 

2.3.1  Teat  Conditions 5 

2.3.2  Teat  Data 6 

2.3.3  Heat-Transfer  Measurements  6 

2.3.4  Flow-Field  Measurements 6 

2.4  Survey  Probes 

2.4.1  Geometry  Details • 6 

2.4.2  Calibration  7 

2.5  Survey  Mechanisms  7 

3.0  TEST  DESCRIPTION 

3.1  Test  Conditions  and  Procedures 7 

3.1.1  General 7. 

3.1.2  Data  Acquisition 6 

3.2  Data  Reduction 9 

3.3  Uncertainty  of  Measurements 

3.3.1  General 9 

3.3.2  Test  Conditions 9 

3.3.3  Data  Uncertainty 10 

3.4  Data  Corrections  10 

4.0  DATA  PACKAGE  PRESENTATION 11 

5.0  REFERENCES 11 


APPENDIXES 

I.  ILLUSTRATIONS 


Figure 

1 . Tunnel  B 13 

2.  Model  Geometry 14 

3.  Boundary-Layer  Trip  Geometry  15 

4.  Pitot  Probe  Geometry  and  Location  . 17 

5.  Unshielded  Total  Temperature  Probe  19 

6.  Preston  Tube  Geometry 20 

7.  Schematic  of  Overhead  Probe  Installation  21 

8.  Schematic  of  On-Board  Probe  Installation  . 21 

9.  Probe  Survey  Locations  . 22 


1 


II.  TABLES 


Table 


1 . Surface  Instrument  Locations  .....  24 

2.  Teat  Conditions  and  Configurations  - Phase  II  ....  27 


III.  DATA  REDUCTION 


1 . 0 Surface  Pressure  Data 34 

2.0  Heat  Transfer  Data 34 

3.0  Probe  Data 

3.1  Pitot  Pressure 35 

3.2  Unshielded  Thermocouple  Measurements  ......  35 

3.3  Preston  Tube  Data 37 

4.0  Bound ary- layer  Integral  Values  .....  41 


IV.  SAMPLE  DATA  NOMENCLATURE  AND  FORMATS 
Sample 


1.  Nomenclature:  Surface  Pressure  Data  46 

2.  Sample  Data:  Surface  Pressure  Data  47 

3.  Nomenclature:  Heat-Transfer  Data 48 

4.  Sample  Data:  Heat-Transfer  Data 50 

5.  Nomenclature:  On-Board  Probe  Flow-Field  Data  ....  51 

6.  Sample  Data:  On-Board  Probe  Flow-Field  Data  53 

7.  Nomenclature:  Overhead  Probe  Flow-Field  Data  ....  60 

8.  Sample  Data:  Overhead  Probe  Flow-Field  Data  63 


2 


NOMENCLATURE 


H(TO) 


M. 


o» 


<o 

X,  XSURF 
a 


e 

(jj 


Heat  transfer  coefficient  based  on 
BTU/ft^-aec-“R 

Free-Btream  Mach  number 

Tunnel  stilling  chamber  preseure,  psis: 

Free-stream  static  pressure,  psla 

Free-stream  dynamic  pressure,  psla 

Free-stream  Reynolds  number,  ft  ^ 

Tunnel  stilling  chamber  temperature,  ”R 

Free-stream  velocity,  ft/sec 

Model  surface  distance.  In. 

Model  angle  of  attack,  deg 

Model  roll  angle,  deg 

3 

Free-stream  density,  slugs/ft 
Body  surface  angle,  deg 

Circumferential  location  of  pressure  orifice 

and  heat  gages  (positive  clockwise  looking  upstream) 

deg 


3 


1.0  INTRODUCTION 


The  work  reported  herein  was  sponsored  by  the  Space  and  Missile 
Systems  Organization  (S^SO) , Air  Force  Systems  Command  (AFSC)  and  the 
Research  Division  of  the  Directorate  of  Test  Engineering  (DOTR) , of 
the  Arnold  Engineering  Development  Center  (AEDC)>  AFSC,  under  Program 
Element  6331  IF,  AF  Control  Number  627A-00-8.  The  work  was  performed 
by  ARO,  Inc.,  AEDC  Division,  (a  Sverdrup  Corporation  Company),  contract 
operator  of  AEDC,  Arnold  Air  Force  Station,  Tennessee.  Project  monitors 
were  Capt.  R.  J.  Chambers  and  Mr,  E.  R.  Thompson  for  SAHSO  and  AEDC, 
respectively.  ARO  project  monitor  and  principal  Investigator  was  Dr. 

M.  0.  Varner.  Inquiries  to  obtain  copies  of  the  test  data  should  be 
directed  to  either  of  the  following:  SAMSO/RSSE,  P.  0.  Box  92960, 
Worldway  Postal  Center,  Los  Angeles,  CA  90009;  AEDC/DOTR,  Arnold  AFS, 

TN  37389,  Attn:  Mr.  E.  R.  Thompson,  A copy  of  the  final  data  is  on 
file  in  microfilm  at  AEDC. 

Tests  were  conducted  in  the  50-ln.  Hypersonic  Wind  Tunnel  (B)  of 
the  von  Kannan  Gas  Dynamics  Facility  (VKF)  on  April  13,  17,  and  18,‘ 

1978  under  ARO  Project  Number  V41B-W6.  The  objective  of  the  test  was 
to  determine  the  Influence  of  boundary-layer  trips  on  the  boundary- 
layer  and  flow-field  characteristics  when  compared  with  naturally 
turbulent  flows.  This  test  phase  (Phase  II)  utilized  the  basic 
boundary-layer  trip  results  and  Instrumentation  developed  during  Phase 
I which  was  documented  in  Ref . 1 . ' 

Heat-transfer  data  were  obtained  to  determine  transition  locations. 
Corresponding  wall  pressures  and  temperatures  as  well  as  flow-field 
surveys  were  taken.  Pitot  probes,  unshielded  thermocouple  probes,  and 
a Preston  tube  were  used  to  obtain  flow-field  data  at  each  survey  station. 
>fa>Bt  flow-field  data  were  obtained  with  a probe  system  mounted  in  the 
top  of  the  tunnel  test  section.  However,  a few  runs  were  made  with  a 
sting  mounted  probe  to  obtain  data  at  an  aft  survey  station.  Data  were 
also  obtained  at  the  aft  station  with  the  overhead  probe  when  the  on- 
board probe  had  been  removed  to  determine  if  the  on-board  probe  assembly 
caused  any  interference  with  flow  near  the  model  base. 

All  data  were  obtained  at  a nominal  Mach  number  of  6 at  free-stream 
Reynolds  numbers  of  2,5  x 10^  to  4.7  x 10^  per  ft  and  zero  angle  of 
attack.  Body  configurations  tested  Included  a 7-deg  cone,  a 10.5/7-deg 
b iconic,  and  a 14 /7-deg  b Iconic.  Spherically  blunted  nose  tips  with 
radii  of  0.05  in.  and  0.50  in.  were  tested.  Only  the  7-deg  cone  was 
tested  with  a sharp  nose  tip. 


2.0  APPARATUS 


2.1  TEST  FACILITT 

Tunnel  B is  a closed  circuit  hypersonic  wind  tunnel  with  a 50-in.- 
dlam  test  section.  Two  axisymmetrlc  contoured  nozzles  are  available  to 
provide  Mach  numbers  of  6 and  8 and  the  tunnel  may  be  operated  contin- 
uously over  a range  of  pressure  levels  from  20  to  300  psla  at  M =6, 
and  50  to  900  psia  at  M^  = 6.  Stagnation  temperatures  sufficient  to  avoid 
air  liquefaction  in  the  test  section  (up  to  1350“R)  are  obtained  through 
the  use  of  a natural  gas-fired  combustion  heater.  The  entire  tunnel 
(throat,  nozzle,  test  section,  and  diffuser)  Is  cooled  by  integral,  - 
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external  water  jackets.  The  tunnel  Is  equipped  with  a model  Injection 
system,  which  allows  removal  of  the  model  from  the  test  section  while 
the  tunnel  remains  in  operation.  The  general  arrangement  of  Tunnel  B 
Is  Illustrated  in  Fig.  1 . 


2.2  TEST  ARTICLE 

Three  model  configurations  were  tested: 


FOREBODY 

AFTERBODY 

CONFIGURATION 

HALF  ANGLE.  DEG 

HALF  ANGLE,  : 

CONE 

7-0 

7 

BICONIC 

10.5 

1 

BICONIC 

14.0 

t 

These  configurations  were  tested  with  spherically  blunted  nose  tips 
with  nose  radii  of  0.05  and  0.500  in.  Data  were  also  obtained 
on  a sharp,  7-deg  cone  configuration.  Overall  geometry  of  the  con- 
figurations tested  is  illustrated  in  Fig.  2.  Model  design  and  fab- 
rication were  performed  at  AEDC. 

The  models  were  instrumented  with  pressure  orifices  and  Gardon- 
type  heat— flux  gages.  Table  1 (Appendix  2)  lists  the  instrumentation 
locations  and  shows  that  the  top  centerline  was  the  primary  ray  of  pres- 
sure instrumentation  and  the  bottom  centerline  was  the  ray  instrumented 
with  Garden  gages.  At  three  stations,  pressure  orifices  were  located 
at  90— deg  Intervals  around  the  model.  To  minimize  the  possibility  of 
orifice  Interference  on  the  flow-field  data,  the  model  was  rolled  10 
degs  to  provide  a clean  run  of  smooth  wall  ahead  of  the  probe  station. 

Boundary-layer  trips  consisted  of  distributed  roughness  formed  by 
bonding  Carborundum® grit  to  the  model  or  by  mounting  a single  row  of 
spherical  elements.  The  geometry  and  location  of  the  trips  are  shown 
in  Fig,  3, 


2.3  TEST  INSTRUMENTATION 
2.3.1  Test  Conditions 

Tunnel  B stilling  chamber  pressure  Is  measured  with  a 200-  or  1000- 
psid  transducer  referenced  to  a near  vacuum.  Based  on  periodic  compari- 
sons with  secondary  standards,  the  accuracy  (a  bandwidth  which  Includes 
95-percent  of  residuals,  i.e.  20  deviation)  of  the  transducers  is  estimated 
to  be  within  iO.25  percent  of  reading  or  ±0.3  psi,  whichever  is  greater 
for  the  200-pBld  range  and  ±0.25  percent  of  reading  or  ±0.8  pal,  whichever 
is  greater  for  the  1000-psld  range.  Stilling  chamber  temperature  measure- 
ments are  made  with  Chrome  1®-Alumel®  thermocouples  which  have  an  accuracy 
of  ±(1.5"F  + 0.375  percent  of  reading)  based  on  repeat  calibrations  (2a 
deviation) . 
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2.3.2  Test  Data 


The  Tunnel  B pressure  system  is  equipped  with  1-  and  15-psid 
transducers  which  are  referenced  to  a near  vacuum.  The  system  auto- 
matically selects  the  transducers  and  calibrated  ranges  for  best  pre- 
cision for  each  pressure  measurement.  Based  on  periodic  comparisons 
with  secondary  standards,  the  accuracy  of  these  transducers  (bands  that 
Include  95  percent  of  the  residuals  l.e.  2a  deviation)  is  estimated  to  be 
±0.2  percent  of  reading  or  ±0.01  psl,  whichever  Is  greater,  for  the  15- 
psid  transducers  and  ±0.2  percent  of  reading  or  ±0.0015  psi,  whichever 
is  greater,  for  the  1-psid  transducers. 


2.3.3  Heat-Transfer  Measurements 

Heat-transfer  data  were  obtained  using  0.125-in.  dlam  Gardon-type 
heat-flux  gages  with' Iron-Constantan® case  thermocouples.  The  case 
thermocouple  served  a dual  role  by  providing  a sensing  disc  edge  tem- 
perature used  in  the  evaluation  of  heat-transfer  coefficient  and  in- 
dicating the  model  wall  temperature  level  during  long  hot-wall  runs. 

As  an  additional  check  on  the  long-term  wall  temperature,  two  co-ax 
heat  gages  were  Installed.  No  attempt  was  made  to  evaluate  heat  flux 
from  the  coax  gages.  Details  of  both  types  of  gages  used  are  available 
in  Ref . 2 . 

2.3.4  Flow-Field  Measurements 

Two  separate  probing  systems  were  used  to  perform  the  boundary 
layer  and  flow-field  surveys.  An  overhead  probe  system  which  was  the 
primary  flow-field  survey  mechanism  was  Instrumented  with  a pitot  tube, 
unshielded  thermocouple  probe  and  a Preston  tube,  A second  system  was 
attached  to  the  model  support  sting  and  was  equipped  with  a pitot  tube 
and  an  unshielded  thermocouple  probe.  A Preston  tube  was  included  on 
the  on-board  probe  installation,  but  pressure  response  from  this  probe 
was  not  satisfactory  and  data  from  this  probe  are  not  presented. 

The  unshielded  thermocouple  probes  were  made  with  Chrome 1-Alumel 
thermocouples  which  had  an  estimated  uncertainty  of  ±(1.5°F  -f  0.375 
percent  of  reading  ) . 

Both  pitot  probe  pressures  (on-board  and  overhead)  and  the  overhead 
Preston  tube  were  measured  with  IS-psld  Druck® transducers  which  had  an 
estimated  measurement  uncertainty  of  ±0.009  psi.  A near  vacuum  ref- 
erence pressure  was  used  with  these  transducers . The  near  vacuum  ref- 
erence pressure  was  measured  with  a Hastings  absolute  pressure  transducer. 

2.4  SURVEY  PROBES 
2.4.1  Geometry  Details 

Both  the  overhead  and  sting-mounted  pitot  probes  were  fabricated  by 
flattening  an  0.024- In.  O.D.  <0.020  I.D.)  tube  as  shown  in  Fig.  4.  This 
procedure  produced  a probe  tip  thickness  of  0.020  in.  with  an  open  slit  of 
0.005  in.  height. 
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Figure  5 Illustrates  the  geometry  of  the  unshielded  total  temper- 
ature probes.  These  probes  were  designed  and  fabricated  by  the  VKF 
using  a length  of  sheathed  thermocouple  wire  (0.010-ln.  O.D.)  with 
two  0.0015-ln.  dlam  wires.  The  wires  were  bared  for  a length  of  about 
0,013  In.  and  the  thermocouple  junction  formed.  The  probe  was  used 
in  this  form  without  any  shield. 

Preston  tube  geometry  Is  Illustrated  in  Fig.  6.  The  geometry  Is 
consistent  with  dimensions  used  by  Bradshaw  and  Unswroth  (Ref.  4)  and 
therefore  established  the  Preston  tube  calibration  factors. 


2.4.2  Calibration 

The  recovery  temperature  characteristics  of  each  total  temperature 
probe  were  calibrated  In  the  Invlscld  portion  of  the  model  flow  field 
and  In  the  tunnel  free-stream  flow.  Calibration  data  for  the  unshielded 
probes  were  expressed  In  the  form  of  recovery  factor  as  a function  of 
Reynolds  number. 


2.3  SURVEY  MECHANISMS  > 

' The  overhead  probe  drive  system  Illustrated  In  Fig.  7 was  designed 
and  fabricated  by  the  VKF.  The  mechanism  Is  housed  above  a port  in  the 
top  of  the  Tunnel  B test  section.  Access  to  the  test  section  Is  through 
a 40-ln.-long  by  4-in. -wide  opening  which  can  be  sealed  by  a pneu- 
matically-operated door.  Separate  drive  motors  are  provided  to  (1) 

Insert  the  mechanism  into  the  test  section  or  retract  It  Into  the  housing, 
(2)  position  the  mechanism  at  any  desired  axial  station  over  a range  of 
35-ln.  with  a precision  of  ±0.01  in.,  and  (3)  probe  a flow  field  of 
approximately  10-in,  depth  with  a precision  of  ±0.001  In.  The  drive  axis 
Inclination  of  the  probe  support  was  adjusted  to  obtain  surveys  normal 
to  the  model  surface.  The  strut  is  equipped  with  a pneumatically- 
operated  shield  to  protect  the  probes  during  Injection  and  retraction 
through  the  tunnel  boundary  layer  and  during  tunnel  condition  changes. 

The  sting-mounted  probe  package  shown  In  Fig.  8 was  designed  and  fab- 
ricated by  the  VKF.  A drive  motor  and  position  potentiometer  were  enclosed 
in  an  "L''-shaped  sheet  metal  housing  which  had  water  tubes  for  cooling. 

The  system  has  a vertical  drive  with  a position  resolution  of  ±0.001. 

Total  vertical  travel  of  the  system  Is  approximately  4 in. 


3.0  TEST  DESCRIPTION 

3.1  TEST  CONDITIONS  AND  PROCEDURES 

3.1.1  General 


A summary 
below: 


p^,  psla 


of  nominal  test  conditions  at  each  Mach  number  Is  given 


slugs 


ft/sec  p^,  psla  Re^/ft  x 10 


3.94  131  843  7.06x  10^^  2982 

3,93  230  845  13,37x  10~5  2983 


0.088  2.3 

0.167  4.7 


Table  2 contains  a summary  of  all  configurations  and  test  conditions. 
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The  objective  of  this  test  phase  was  to  evaluate  the  influence 
of  boundary- layer  trips  on  boundary- layer  and  flow-field  character- 
istics. Flow-field  surveys  were  performed  at  several  longitudinal 
body  stations  on  configurations  with  different  nose  tips  and  trip 
combinations,  Corresponding  heat-transfer  data  were  obtained  to 
identify  transition  and  verify  that  turbulent  flow  existed  at  the 
probe  survey  stations.  Figure  9 lists  the  survey  station  for  each 
basic  body  configuration  while  Table  2 indicates  the  actual  config- 
urations and  flow  conditions  surveyed. 


3.1.2  Data  Acquisition 

Transition  location  was  determined  from  heat-transfer  distribution 
obtained  with  the  Garden  heat-flux  gages.  Prior  to  each  run  the  model 
was  cooled  to  approximately  520'’R  by  flowing  air  over  the  model.  The 
model  was  Injected  into  the  tunnel  flow  for  about  five  seconds  while 
a continuous  record  of  gage  output  was  recorded.  Data  presented  in 
the  Data  Package  were  reduced  approximately  one  second  after  the  model 
reached  the  centerline  of  the  wind  tunnel.  Some  runs  were  obtained 
with  a hot  wall  to  minimize  the  time  required  for  a full  cooling  cycle. 
Since  the  thermal  driving  potential  (T^  - T ) was  low  for  these  cases, 
the  data  uncertainty  was  significantly  greater  chan  the  cool  wall  data. 
However,  these  data  were  qualitatively  useful  in  determining  the  pres- 
ence of  transition. 

Surface— pressure  distributions  were  obtained  on  selected  config- 
urations. It  should  be  noted  that  surface  pressure  at  each  probe  sta- 
tion was  obtained  each  time  a survey  point  was  recorded.  This  pro- 
cedure made  it  possible  to  confirm  that  local  wall  pressure  had  been 
obtained  in  the  absence  of  any  local  probe  disturbance  or  interference. 


Initial  probe  positioning  on  the  model  wall  was  monitored  with  a 
(525  lines/frame)  closed  circuit  television  system  (CCTV) . 
The  camera  was  fitted  with  a telescopic  lens  system  which  gave  a 
magnification  factor  of  approximately  7.  The  television  image  was 
used  to  monitor  probe  longitudinal  location  and  to  verify  Preston  tube 
and  pitot  probe  contact  with  the  model  surface.  At  each  survey  station, 
a reference  mark  was  painted  on  the  model  surface  with  black  paint  to 
provide  an  optical  target  for  positioning  the  probe,  pie  Preston 
tube  and  pitot  tube  were  brought  down  until  they  both  were  in  contact 
with  the  model  surface.  It  is  estimated  that  the  probe  was  located 
axially  to  within  ±0.050  In.  of  the  reference  marks. 


Initial  data  were  obtained  with  the  Preston  tube  and  pitot  tube  in 
contact  with  the  model  surface.  The  first  three  probe  positions  above 
the  model  surface  were  obtained  using  manual  probe  drive  control  to 
aclilevc  the  desired  small  height  Increments  between  points.  Remaining 
points  in  the  survey  were  obtained  using  an  automatic  system  which 
drove  the  probe  to  predetermined  locations  above  the  model  surface. 


At  each  location,  data  were  automatically  recorded  after  a delay  time 
controlled  by  a timing  circuit.  The  delay  time  was  determined  by 
observing  the  pitot  pressure  stabilization  time  at  several  points  in 
the  boundary  layer.  Note  that  the  only  point  valid  for  the  Preston 
tube  measurement  was  the  initial  point  at  the  model  wall.  Each  survey 
consisted  of  approximately  50  points.  Probe  survey  stations  for  each 
configuration  are  shown  in  Fig.  9. 


3-2  DATA  REDUCTION 

Although  some  portions  of  the  data  reduction  used  in  this  study 
were  fairly  standard,  the  flow  field  survey  probe  data  included  an 
evaluation  of  several  boundary  layer  parameters  including  the  defini- 
tion of  the  boundary  layer  thickness,  displacement  thickness,  momentum 
thickness,  kinetic  energy  thickness  and  total  enthalpy  thickness.  Also 
special  data  reduction  procedures  were  needed  to  correct  the  total 
temperature  probe  measurements  and  evaluate  the  Preston  tube  data.  A 
complete  summary  of  the  data  reduction  procedures  used  in  this  study 
are  given  in  Appendix  III. 


3.3  UNCERTAINTY  OF  MEASUREMENTS 
3.3.1  General 

The  accuracy  of  the  basic  measurements  (p^  and  T^)  was  discussed  in 
Section  2,3.  Based  on  repeat  calibrations,  these  errors  were  found  to 
be 

Ap  AT 

— - = 0.0025  = 0.25%,  “ 0.005  - 0.5% 

p T 

‘^o  o 

Uncertainties  in  the  tunnel  free-stream  parameters  and  the  model 
aerodynamic  coefficients  were  estimated  using  the  Taylor  series  method 
of  error  propagation,  Eq.  (1), 


where  AF  is  the  absolute  uncertainty  in  the  dependent  parameter 
F = f (X^ , X^,  X^  ...  X^)  and  are  the  independent  parameters  (or 

basic  measurements).  AX  are  the  uncertainties  (errors)  in  the  In- 

n 

dependent  measurements  (or  variables) . 

3.3.2  Test  Conditions 

The  accuracy  (based  on  2o  deviation)  of  the  basic  tunnel  parameters, 

p and  T , (see  Section  2.3)  and  the  2a  deviation  in  Mach  nvtmber  determined 
*^o  o 

from  test  section  flow  calibrations  were  used  to  estimate  uncertainties 
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In  Lilt  otlier  free-Htream  properties  usln^;  Eq.  (1).  The  computed  un- 
certainties tn  the  tunnel  free-stream  conditions  are  summarized  in  the 
following  table. 


Uncertainty,  (±)  percent  of  actual  value 


QD 

Re  /ft  X 10 

00 

DO 

Kejft 

P V 

^00  CO 

P« 

5.94 

2.5 

0.2 

1 .0 

0.7 

0.7 

0.9 

0.7 

1 

5.95 

4.7 

0.2 

1.0 

0.7 

0.7 

1 

V 

3.3.3  Test  Data 

Model  surface  pressure  and  on-board  pitot  probe  data  uncertainties 
are  discussed  in  Section  2.3.2.  Summarizing,  measurements  at  pressure 
levels  at  1 psta  or  less  have  an  estimated  uncertainty  of  ±0.2  percent 
of  reading  or  ±0.0015,  whichever  is  greater.  Measurements  above  1 psia 
have  an  estimated  uncertainty  of  ±0.2  percent  of  reading  or  ±0.01  psi, 
whichever  is  greater.  Overhead  pitot  probe  instrumentation  is  discussed 
in  detail  In  Section  2.3.4  in  which  an  estimated  uncertainty  of  ±0.009 
psia  in  pitot  pressure  is  stated. 

Total  temperature  measurements  from  unshielded  thermocouple  probes 
is  estimated  to  be  ±(1.5“F  +0.375  percent  of  reading).  Consequently, 
because  data  were  obtained  under  hot^all  conditions  (approximately 
adiabatic) , the  estimated  uncertainty  in  the  probe  measurements  through- 
out the  flow  field  is  ±0.5  percent  of  temperature  in  "R. 

The  estimated  uncertainty  in  Garden  gage  calibration  factors  is 
±5  percent.  Overall  uncertainty  in  the  heat-transfer  coefficient, 

H(T0),  is  estimated  to  be  ±6  percent.  After  the  uncertainties  in  free- 
stream  of  density  and  velocity  are  considered,  the  overall  uncertainty 
in  Stanton  number  is  estimated  to  be  ±6.1  percent. 

Based  on  optical  observations  and  mechanical  resolution  the  esti- 
mated uncertainty  in  probe  position  above  the  model  is  ±0.002  in. 
Longitudinal  probe  position  or  station  location  la  estimated  to  have 
an  uncertainty  of  ±0.050  in. 

The  uncertainties  of  all  primary  measurements  such  as  pressure, 
temperature,  heat  flux  rate,  model  attitude  and  free  stream  Mach  number 
nonuniformity  have  been  identified.  The  uncertainty  in  some  of  the 
free  stream  parameters  have  been  identified,  but  the  uncertainty  in 
many  of  the  other  parameters  (for  example,  the  Preston  tube  data  or 
boundary  layer  parameters)  listed  in  the  tabulated  and  plotted  results 
of  the  final  data  fall  outside  the  scope  of  this  report. 


3 . 4 DATA  CORRECTIONS 

The  longitudinal  heat-transfer  distribution  on  the  7-deg  cone 
showed  more  irregularity  then  expected  based  on  the  estimated  un- 
certainty in  the  gage  data.  During  the  Phase  1 tests,  a procedure 
was  established  to  smooth  the  data  by  obtaining  correction  factors  for 
the  indicated  heating  level.  The  data  distribution  was  compared  with 
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calculated  turbulent  and  laminar  heating  data.  Based  on  these  com- 
parisons, smooth  fairings  through  Che  data  were  obtained.  A separate 
set  of  correction  factors  were  obtained  for  laminar  and  turbulent  cases 
since  these  cases  represented  the  extremes  in  heating  levels  encountered. 
These  two  sets  of  correction  factors  were  averaged  and  applied  to  the 
data.  Correction  factors  were  applied  only  to  the  7-deg  cone  and  the 
7-deg  conical  afterbody.  Data  tabulations  show  both  corrected  and  un- 
corcected  data. 

A correction  for  unshielded  probe  position  was  made  to  account  for 
probe  downward  deflection  resulting  from  aerodynamic  loading.  The  de- 
flection magnitude  was  determined  from  the  television  monitor  screen  and 
estimated  to  be  0.005  in. 

Corrections  were  also  made  in  the  probe  height  position  to  account 
for  Initial  pitot  deflection  caused  by  excessive  pressure  exerted  when 
the  probe  came  in  contact  with  the  model.  In  some  cases,  the  pitot 
probe  was  sprung  or  preloaded  enough  that  as  the  probe  drive  started 
to  move  the  probe  support  away  from  the  model,  the  pitot  stayed  in 
contact  with  the  model.  Consequently,  the  probe  position  readout  in- 
dicated a probe  position  change  which  did  not  occur.  Displacement  of 
the  velocity  profiles  yielded  a position  correction  which  minimized 
the  effects  of  probe  bending. 


4.0  DATA  PACKAGE  PRESENTATION 

A complete  set  of  test  results  in  tabulated  and  graphical  form 
has  been  transmitted  to  SAMSO  (test  sponsor)  as  a Final  Data  Package, 
The  data  computational  procedures  were  checked  by  performing  manual 
calculation  verification  of  the  computer  calculations.  Sample  tab- 
ulated data  and  nomenclature  appear  In  Appendix  IV. 
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a.  Tunnel  assembly 
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b.  Tunnel  test  section 


Fig.  1.  Tunnel  B 
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Fig.  3 Boundary~Layer  Trip  Geometry 


15 


— 

1 

GetT  N*. 

5<Pit 

r 

0.0  5 

/,4^f 

5.90d 

3,0 

O.Oii 

i 

0,50 

f,S7i 

0 , fioo  . 

0.0 /f 

/0.5 

0.05 

/.352 

2.  700 

GO 

0,0  iC 

1 

O.^o 

I.Joo 

6 0 

0,0/0 

T 

o.yo 

0.9+*? 

/,  300 

3 0 

O,0Z2L 

.. 

/4 

/.  06  9 

Z.OOQ 

60 

0.50 

0*60  y 

7 .2oO 

46 

! 

b.  Distributed  grit  trips 


Fig.  3 Concluded 
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a.  Pitot  probe  geometry 


Fig.  4 Pitot  Probe  Geometry  and  Location 
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b.  Pitot  probe  location  relative  to  thermocouple 
probe  and  Preston  tube 


Fig.  4 Concluded 
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Fig.  6 Preston  Tube  Geometry 
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Fig.  7 Schematic  of  Overhead  Probe  Installation 


Fig.  8 Schematic  of  On-Board  Probe  Installation 


Fig.  9 Probe  Survey  Locat ions 
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APPENDIX  III 


DATA  REDUCTION 


1.0  Surface  Pressure  Data 

2.0  Heat  Transfer  Data 

3.0  Probe  Data 

3.1  Pitot  Pressures 

3.2  Unshielded  Thermocouple  Measurements 

3.3  Preston  Tube  Data 

4.0  Boundary-Layer  Integral  Values 
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DATA  REDUCTION  NOMENCLATURE 


AUO 

Cl 

C2 

DELU 

DELU* 

DELU2 

DELD3 

DELU4 

d 

E 

F10 

H(TO) 

HDl 
HU  2 
K 

MEO 

MTAUO 

MUOE 

MU  I 

MUPO 

MUUI 


Sonic  velocity  based  on  local  wall  temperature 
(TWX),  ft/sec 

Gardon^gage  calibration  factor  at  70*F, 

BTU/f t -sec-mv 

Garden  gage  calibration  factor  at  operating 
temperature,  BTU/ Cf t^-sec-mv) 

Boundary-layer  thickness,  In. 

Boundary- layer  displacement  thickness.  In. 

Boundary- layer  momentum  thickness.  In. 

Boundary- layer  kinetic  energy  thickness,  in. 

Boundary- layer  total  enthalpy  defect,  in. 

Unshielded  thermocouple  probe  tip  diameter,  ft 

Gardon  gage  output,  mv 

Preston  tube  calibration  factor 

Heat-transf er  coefficient  based  on  T^, 
BTU/ft^-sec-‘’R 

Shape  factor,  DELU*/DELU2 

Shape  factor,  DELU2/DELU3 

Gardon  gage  temperature  calibration  factor , “R/mv 

Preston  tube  Mach  number  based  on  boundary-layer 
edge  temperature  (TED) 

Friction  Mach  number 

Preston  tube  viscosity  based  on  boundary-layer 
edge  temperature  (TED),  Ibf-sec/ft^ 

Local  Mach  number  at  unshielded  thermocouple 
probe  location 

Viscosity  based  on  reference  temp  (TEPO), 

Ibf-sec/f t^ 

Local  flow  viscosity  at  the  unshielded  thermocouple 

2 

probe  location,  Ibf-sec/ft 
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MUWO 

POUI 

PPU 

PRESO 
PTAUO 
PW,  PWX 
Poo 

q 

R 

RB 

R££0 

REU 

RHOED 

RHOOP 

RHOUE 

RHOUI 

RHOVO 

RTAUO 

ST(INF) 


Viscosity  based  on  wall  temperature  at  the  survey 
station,  Ibf-sec/ft^ 

Free-stream  Mach  number 

Tunnel  stilling  chamber  pressure,  psla 

Local  total  pressure  at  the  unshielded  thermocouple 
probe  location,  psla 

t 

Local  pitot  pressure  at  unshielded  thermocouple 
probe  location,  psla 

Preston  tube  pressure,  psla 

Dimensionless  parameter 

Wall  pressure  at  survey  station,  psla 

Free-stream  static  pressure,  psla 

2 

Heat-flux  rate,  BTU/ft  -sec 
Free-stream  dynamic  pressure,  psla 

2 2 

Universal  gas  constant  for  air,  ft  /sec  -®R 

Body  radius  at  probe  station,  ln> 

Preston  tube  Reynolds  number  based  on  boundary- 
layer  edge  condition 

Local  Reynolds  number  at  unshielded  thermocouple  , 
probe  location 

-1 

Free-stream  Reynolds  number,  ft 

Density  based  on  boundary  layer  edge 
temperature  (TED) , slugs /ft^ 

Density  based  on  reference  temperature  (TEPO), 
slugs/ft^ 

Flow-field  density  at  the  boundary- layer  edge, 

3 

slugs/ft 

Flow-field  density  at  the  unshielded  thermocouple 
probe  location,  slugs/ft^ 

3 

Density  based  on  wall  condition,  slugs/ft 
Reynolds  number  based  on  wall  condition 
Stanton  number 
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TCAL 


TED 

TEDGE 

TEPO 

TEU 

TO,  T 
’ o 

TOUI 

TOUM 

TUI 

TW,  TWX,  T 
’ ’ w 

AT 

UOED 

UUE 

UUI 

Voo 

X,  XSURF 
ZP 


Temperature  parameter  used  to  define 
boundary  layer  edge  temperature  (TED) , “R 

Boundary- layer  edge  temperature,  ®R 

Gardon  gage  sensing  disc  edge  temperature, °R 

Reference  temperature , °R 

Boundary- layer  edge  total  temperature  deduced 
from  corrected  unshielded  thermocouple  probe 
data,  ^R 

Tunnel  stilling  chamber  total  temperature,  °R 

Corrected  unshielded  total  temperature  probe 
measurement , "R 

Measured  total  temperature  from  the  unshielded 
thermocouple  probe,  °R 

Local  static  temperature  at  the  unshielded 
thermocouple  probe  location,  ‘‘R 

Model  wall  temperature,  *R 

Temperature  difference  between  the  center  and 
edge  of  a Gardon  gage  sensing  disc,  ”R 

Local  velocity  based  on  boundary  layer  edge 
temperature  (TED) , ft/ sec 

Boundary- layer  edge  velocity,  ft/sec 

Local  velocity  at  unshielded  thermocouple  probe 
location,  ft/sec 

Free-stream  velocity,  ft/sec 

Model  station  and  surface  length  respectively.  Inches 

Height  of  the  pitot  probe  above  the  model 
surface.  In. 


ZU 

Y 

n,  ETA 


Height  of  unshielded  thermocouple  probe  above 
the  model  surface,  in. 

Ratio  of  specific  heats  » 1.4 

Unshielded  thermocouple  probe  calibration  function 

3 

Free-stream  density,  slugs/ft 
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DATA  REDUCTION 


1.0  Surface  Pressure  Data 

All  surface  pressure  data  were  reduced  using  standard  facility 
reduction  procedures.  Linear  transducer  calibration  factors  were 
obtained  prior  to  each  operational  period  so  a simple  calculation 
was  necessary: 


PRESSURE  = SCALE  FACTOR (READING- ZERO)  + REFERENCE 
2.0  Heat-Transfer  Data 

Thermopile- type  Garden  heat  gages  described  in  Ref.  2 were  used  to 
obtain  heat-transfer  distribution.  The  heat  flux  to  the  gage  is  com- 
puted as  follows: 


where 


q = C2E 


gage  calibration  factor. 


Btu 

2 

ft  -sec^av 


(1) 


E gage  output,  mv 

Calibration  factors  Include  compensation  for  variation  in  wall  tem- 
perature : 

S “ cjft. 72878  - (2.83765  x 10“^)TEDGE 

^ 2 
+ (7.82707  X 10  )(TEDGE) 

- (9.44869  X 1 0“®) (TEDGE) ^ + (4.30151  x 10  ^^^(TEDGE)*j 
C^  ••  gage  calibration  factor  at  530"R 
TEDGE  =■  gage  sensing  disc  edge  temperature,  *R 
where  is  the  gage  calibration  factor  at  530®R 

The  temperature  difference  between  the  center  and  the  edge  of  the 
sensing  disc  was  calculated  by: 


AT  = K*E 


where: 


K “ gage  temperature  calibration  factor,  “R/mv 


(3) 


34 


The  gage  edge  temperature  waa  measured  directly  and  combined  with 
AT  to  obtain  an  effective  wall  temperature: 

T = TEDGE  + 0.75  AT 
w 


This  method  of  obtaining  an  effective  wall  temperature  la  discussed  in 
detail  in  Ref.  2. 


Heat-transfer  coefficient  waa  then  calculated  as: 


H(T0)  = 


q 

TO-TW 


(5) 


Further  reduction  to  Stanton  number  was  achieved  using  the  fol- 
lowing: 


ST (INF)  = 


H(TO) 

p V fo.2235  + (1.35  x 10"^) (TOfTW)] 

*^00  col  J 


(6) 


3.0  Probe  Data 

Mean-flow  boundary-layer  data  are  presented  as  measured  pressure 
and  temperature  values.  Final  reduced  boundary- layer  parameters  are 
calculated  only  for  those  cases  which  satisfy  the  requirements  for 
defining  a boundary- layer  edge.  True  probe  heights  above  the  cone 
surface  were  determined  in  the  radial  direction.  The  curvature  of 
the  model  surface  at  the  survey  station,  the  lateral  spacing  of  the 
probes  in  the  rake,  and  the  relative  vertical  spacing  of  the  measure- 
ment probes  were  taken  into  account. 

3.1  Pitot  Pressures 

Pitot  pressure  data  were  reduced  following  the  procedures  de- 
scribed in  Section  1.0  which  apply  to  surface  pressure. 


3.2  Unshielded  Thermocouple  Measurements 

This  section  contains  the  procedure  for  obtaining  local  total 
temperature  from  the  unshielded  thermocouple  probe  output . The  nomen- 
clature used  applies  to  the  on-board  probe  although  the  identical 
procedure  was  for  the  overhead  probe.  The  procedure,  shown  in  a 
block  diagram  (page  37)  is  as  follows : 

U-1.  Interpolate  the  local  pitot  pressure,  PPO,  from  ZP  to 

a value  at  the  ZU  locations.  Designate  the  interpolated 
pitot  values  as  FPU. 
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U-2.  Compute  the  local  Mach  number,  MUI,  as  follows: 


If  PPU/PWX  <.  ‘(Y+1)/2P“^ 

rr  ^ ir  n' 

b.  Then  MUI  ■=■  (PPU/PWX)  -1  2/(y-1)  J 


Otherwise,  Iterate  the  following  to  obtain  MUI: 


c.  PPU/PWX  = (Y+t)(MUI)  /2 


[(Y+l/( 


(2y.(MUI)  -(y-D) 


where  PWX  is  the  wall  pressure  at  the  survey  station 


U-3.  If  MUI  < l^POUI  = PPU 
If  MUI  > 1 


POUI  = PPU 


(Y-1)(MUI)  + 2 

<Y+1)(MUI)^ 


U-4.  RHOUI  = 


• ™|['  -V 


U-3.  TUI  = TOUI  (l  + 


U-6.  UUl  - MUI^' YR(T;UI)j 


U-7.  MUUI 


U-8.  REU 


0. 227 (10~^) (TOUI) 
199  + TOUI 

(RHOUI) (UUI) (d  ) 
MUUI 
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U-9.  ^ = ETA  = I ANCHEU)**^^ 

N=0 


where  AN  are  calibration  constants  unique  to 
each  probe 


U-10. 


TOUI 


TOUM 


1 + ^(MOl)^ 

1 + ^ n(MUI)^ 


Input  Data: 


TOUM 

VS 

ZU 

POUl 

VS 

ZU 

MUI 

VS 

ZU 

At  each  ZU  value,  the  data  was  corrected  as  follows: 

(a)  Assume  TOUI  “ TOUM,  compute  REU  from  Eq.  U-8. 

(b)  Compute  r|  from  Eq.  U-9. 

(c)  Compute  corrected  temperature,  TOUI,  from  Eq.  U-10. 

(d)  Using  the  corrected  value  of  TOUI,  repeat  steps  (a) 
thru  (c)  until 


toum\  - toum\ 

TOUi  K^,  TOUI  L 

Uzl LL-  < 

(toum\ 

TOUI I J 


0.0005 


Input  constants: 


d - Probe  tip  diameter  = 0.005  in.  = 0.0004167  ft. 
y =1.4,  ratio  of  specific  heats. 


3.3  Preston  Tube  Data 

Calculation  procedures  outlined  in  this  section  were  used  to 
evaluate  shear  stress  at  the  model  wall  as  described  in  Refs.  4 and 
3.  The  initial' survey  point  with  the  Preston  tube  in  contact  with 
the  model  surface  was  the  only  valid  data  point.  The  calculation 
procedures  shown  in  the  block  diagram  (page  39)  are  as  follows: 
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PO-1  . 

PO-2. 

PO-3. 

PO-4. 

PO-5. 


TAUWO 


fPRESO  - PVK 


I 


PTAUO 

1/2 


144,  psf 


AWO  = |^YR(TWX)j 

RHowo  = 

R(TWX) 

MTAUO  = (TAUWO) (AWO)  (RHOWO) 
nuwu  199  + TWX 


PO-6. 


RTAUO  = (TAUWO)  (RHOWO)^^^^ 


J L 


where  DPO  = PRESTON  TUBE  O.D.,  0.001667  FT. 


PO-7. 


PO-8. 


PTAUOO  =96+60  log^^  (RTAUO/50) 


+ 23.7 

+ 


log^Q (RTAUO/ 50) 


PTAUO 


(10^) (mTAUO)^  [(RTAU0)° • ^ 
PTAUOO  + PTAUOl 


- 2.38j 


1+1 


The  following  equations  as  formulated  by  Allen  In  Ref.  5 are 
used  to  assess  Preston  tube  calibration  precision  band  on  data. 

1 MtiOF  - 0-227(10“^  (TED) 

1.  MUOE  - 199  + ted 

2.  reEO  = (RHOED) (UOED) (DPO) 

MUOE 

3.  Compute  local  Mach  number,  MOO,  as  follows: 


-X. 

If  PRESO/PWX  < [j(Y+1)/2|’''“^  ] 


1=1  --  -V=T 


b.  Then  MOO  -^|^(PRESO/PWX'-)  ^ -l]  [2/(Y-1)]) 

Otherwise , iterate  the  following  to  obtain  MOO: 


PRESO/PWX  (y+1)(MOO)  /2 


Y-1 


■(Y+1)/(2y(MOO) 


^-(y-D) 


Y-1 
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4. 

UPTO  = 

(MOO) 

5. 

MEO  = (UOED) 

6. 

RHOOP/RHOED  ' 

7. 

TED /TEPO  = 1" 

o 

TED 

o« 

ifilrU  — 

Itepo 

9. 

MOOE/MUPO  = 

10. 

F10  = 

RHOOP 

RHOED 

1^1+0 


1/2 

-1/2 

.035  (MEO)^  + 0 


1-1 


1.035  (MEO)  + 


(TED) 


TED 
'TWX. 


“•‘’(if-  -j 


-1 


TED  \ ^ ^ [ TEPO  + 199 
TEPO 

MITQE 


MUPO 


REEO 


TED  + 199 
UPTO 


UOED 


4.0  Boundary-Layer  Integral  Values 

The  procedures  described  in  this  section  were  used  to  evaluate 
boundary-layer  parameters  from  Integral  relationships . Establishment 
of  the  boundary-layer  edge  location  and  flow  conditions  is  required  to 
establish  the  upper  limit  for  the  Integrals.  Note  the  precautions 
listed  with  the  calculations. 

1 . Input  data : 

TOUI  vs  ZU 

where  TOUI  is  the  corrected  unshielded  thermocouple  value. 

2.  At  the  value  of  ZU  nearest  0.700  in.  set  TCAL  = TOUI. 

3.  Moving  from  the  point  ZU  = 0.7  towards  ZU  - 0,  curve  fit 
the  data  set  TOUI  vs  ZD.  Sets  of  five  points  should  be 
fitted  with  a second  order  (parabolic)  fit. 

4.  Evaluate  the  curve  fit  segments  and  locate  the  value  of  ZU 
at  which  the  value  of  TOUI  = TCAL  (1  ± 0.0025). 

NOTE:  For  cases  where  TOUI  * 0.9975  TCAL, 
print  message: 

"BOUNDARY  LAYER  EDGE  CONDITIONS  OF  TOTAL 
TEMPERATURE  OVERSHOOT  NOT  MET.  INTEGRAL 
PARAMETERS  SHOULD  BE  USED  WITH  CAUTION." 

5.  When  the  point  in  Item  4 has  been  located  evaluate  both  TOUI 
and  ZU  and  designate  as  follows: 


DELU  • ZU 
TEU  • TOUI 
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6.  Input  data: 

RHOUI  vs  ZU  (boundary-layer  edge) 

UUI  va  ZU 

7.  Using  the  same  ZU  values  used  in  Item  A,  fit  the  data  from 
Item  6 with  a second  order  (parabolic)  fit. 

8.  Evaluate  the  curve  fits  in  Item  7 at  DELU  = ZU.  Designate 
the  values  of  RHOUI  and  UUI  as  follows: 


RHOUI  = RHOUE 
UUI  » UUE 


} 


0 DELU 


9.  Determine  displacement  thickness  by  evaluating  the  following: 


DELU*  + (DELU*)^ 


cose  r r.  (RHOUI)  (UUI)1  r . . (ZU)(co8  e)L„„ 
im  r (RHbuE)feui)J  L ^ RB 


where  0 - body  surface  angle  at  the  survey  station,  deg 


RB  = body  radius  at  the  survey  station,  in. 
(normal  to  model  axis) 


Use  the  quadratic  equation: 

. 4ac  — b 

DELU* 

where 

cos  6 
® " 2(RB) 

b “ 1 


c = 


f f,  (RHOUI)  (UUI)  If,. 

“ ■*  [ (RHOUE)  (UUE)  J L 

ZU=0 


(ZU)(eos  6)  1 
RB  J 


10.  Determine  momentum  thickness  by  evaluating  the  following: 


DELU2  + (DELU2)^ 


DELU 


= / 

ZU=0 


(RHOUI) (UUI) 
(RHOUE) (UUE) 


(ZU) (cos  9) 
RB 


Use  the  quadratic  equation: 


DELU2  = 


4ac  - b 
2a 


IdZU 
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where 


cos  9 
211B 


c = 


DELU 


- / 
zu«o 


(RHOUI) (UUI) 
(BHOUE) (UUE) 


UUI 

UUE 


Rfi 


11.  Determine  the  kinetic  energy  defect  from  the  following: 


DELU3  + (DELU3) 


2 cos  9 
2RB 


DELU 

= I 

2U=0 


(RHOUI) (UUI) 
(RHOUE) (UUE) 


1- 


UUl]^'' 


- (ZU) (cos  9) 
UUE  J J RB 


dZU 


Use  the  quadratic  equation: 

^ 2 _ ^ 


DELU3  = 


2a 


where 


cos  6 
2RB 


DELU 


-/ 

ZU=0 


(RHOUI) (UUI) 


(RHOUE) (UUE) 


1- 


UUI 


UUE 


, + dZU 

Kd 


12.  Determine  the  total  enthalpy  defect; 


AAo  A \ 


Use  the  quadratic  equation: 


DELU4 


- 4ac  - b 
2a 


where 

a 


cos  6 
2RB 


b = 1 


c 


DELU 

- / 


2U=0 


(RHOUI) (UUI) 
(RHOUE) (UUE) 


TOUI 

TEU 


(zu)(cos  e) 

RB 


dZU 
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13.  Calculate  shape  factor 


HD1 


DELU* 

DELU2 


HU2 


DELU2 

DELU3 


I 
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APPENDIX  IV 


SAMPLE  DATA  NOMENCLATURE  AND  FORMATS 


1.  Nomenclature: 

2.  Sample  Data: 

3.  Nomenclature: 

4 . Sample  Data : 

5 . Nomenclature : 

6 . Sample  Data : 

7.  Nomenclature: 
S.  Sample  Data: 


Surface  Pressure  Data 
Surface  Pressure  Data 
Heat-Transfer  Data 
Heat-Transfer  Data 
On-Board  Probe  Flow-Field  Data 
On-Board  Probe  Flow-Field  Data 
Overhead  Probe  Flow-Field  Data 
Overhead  Probe  Flow-Field  Data 
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IV-1 . NOMENCLATURE:  SURFACE  PRESSURE  DATA 


ALPHA  MODEL 
ALPHA  PB 
CONFIGURATION 
DATA  TYPE 
DEW  POINT 
GROUP 
L 

M(INF) 

MU (INF) 

NOSE  RADIUS 

ORIFICE 

PHI 

P{INF) 

PO 

POP 

PW 

Q(INF) 

RE (INF) 
RHO(INF) 

ROLL 

T(INF) 

TO 

TRIP 

U(INF) 

X 

XSURF 


Model  angle  of  attack,  deg 
Support  sting  prebend  angle,  deg 
Model  configuration  (see  Fig.  2) 

Type  of  data  tabulated 
Free-stream  flow  frost  point,  ®F 
Data  group  number 

Sharp  7-deg  cone  axial  length,  40  in. 

Free-stream  Mach  number 

2 

Free-stream  viscosity,  Ibf-sec/ft 
Model  nose  tip  radius.  In. 

Model  pressure  orifice  identification  (see  Table  1) 

Pressure  orifice  circumferential  location 
(see  Table  1),  deg 

Free-stream  static  pressure,  psia 

Tunnel  stilling  chamber  pressure,  psia 

Free-stream  normal  shock  pressure,  psia 

Model  wall  pressure,  psia 

Free-stream  dynamic  pressure,  psia 

Free-stream  Reynolds  number,  per  foot 

3 

Free-stream  density,  slugs/ft 

Model  roll  angle,  deg 

Free-stream  static  temperature,  "R 

Tunnel  stilling  chamber  temperature,  “R 

Bounday-layer  trip  configuration  (sphere  diam  or 
nominal  trip  height  In  inches) 

Free-stream  velocity,  ft/sec 

Orifice  model  station,  in. 

Orifice  surface  location,  in. 
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uOfXac  • 

AEDC  DXVX6X0N 

DATE 

COMPUTED 

3O-JUN-70 

k 8TERORUP  COaPORATEOR  CONPARY 

DATE 

RCCOPOEO 

13-APH-74 

VON  RARNAN 

CAS  dynamics 

FACELXTY 

TINE 

RECORDED 

231  5|  2 

ARNOLD  AIR 

PORCB  STATION,  TBRN 

PROJECT  HO  r41B< 

-PSA 

SAMSO/DOTR  HYPERSONIC  TURBULENT 

boundary 

LATER  XMVESTIGATIDN 

PHASE  I I 

CROUP 

00 

ALPHA  MODEL  ■ 0,03 

DEC.  DEM  PTa-33.00 

CONPICDRATIOH 

NOSE  RAOXUSrXM 

TRIP 

NCXRriB 

SaOS 

ALPHA  PS 

■ 0,00 

DEC. 

(DEC  F) 

7 -DEG  CONE 

SHARP 

NONE 

RCCXNrja 

4.6l0Rt06  PBR  FT 

ROLL 

• -179.94 

DEG. 

DATA  TYPE 

SURFACt 

PRES 

ORXPiei 

X 

• X/L 

XBURF 

PHI 

■ PH 

PN/PINF 

IT 

ClN) 

(IN) 

(DEC) 

(PSIA) 

M I 

0,090 

o.aoai 

9.150 

0. 

0.347 

2.09 

. ! 

1 

IN 

9.093 

0,3371 

9.150 

0. 

0.343 

2.06 

- i 

IS 

11.047 

0.2747 

11.150 

0. 

0.334 

2.01 

t 

1 

- 1 

1« 

13.0S3 

0.1241 

13.150 

0. 

0.325 

1.95 

09 

IS 

15.017 

0.S759 

15.225 

0. 

0.335 

2.00 

r 

IS 

iT.oai 

0.4254 

17.150 

0. 

0.141 

2.04 

1 

S i 

iri 

11 

30.000 

0.5000 

30.035 

0. 

0.335 

1,95 

! 

»-*  1 

to 

22,075 

0.5519 

33.100 

0. 

0.387 

1,94 

1 

® i 

0 

24,040 

0,6015 

24.300 

0. 

0,129 

1.97 

• 

34,045 

0.4511 

24.300 

0. 

0,125 

1.95 

1 

D 1 
t)  1 

7 

30,010 

0,7009 

30.300 

0. 

0.429 

2,57 

«+  ; 

0 

30,015 

0,7504 

30,135 

0. 

0.329 

1.97 

1 

. 

s 

12.000 

0.9000 

32,300 

0. 

0.324 

1.94 

a « 

4 

11,995 

0.9494 

34.300 

0. 

0.329 

1,97 

S5.970 

0.9993 

34.300 

0. 

0,329 

1.97 

cn  i 

* 

19,015 

0,9504 

35,300 

0. 

0.337 

3.02 

E ‘ 

1 

19,504 

0,9976 

39.000 

0. 

0.331 

1.98 

" i 

Ha  ' 

14 

11.047 

0,2767 

11.150 

-90, 

0.332 

1.99 

» 1 

as 

10.015 

0.7504 

30.300 

-90. 

0,329 

1,94 

S i 

as 

19,604 

0.9076 

39.000 

-90. 

0.330 

1.94 

! 

a? 

11.067 

0.2767 

11.150 

90. 

0.322 

1.93 

•0 

16 

10.015 

0.7504 

30.300 

90. 

0.319 

1.91 

. 

16 

19.504 

0.9974 

39.900 

90, 

0,329 

1,97 

O 1 

(n  : 

V>  \ 

11.047 

0.3767 

11.150 

190. 

0.329 

1.97 

10 

lo.ois 

0,7S04 

30.300 

190, 

0.314 

1.89 

c ' 

as 

19.S04 

0,9976 

39.000 

190. 

0.330 

1,98 

5 i 

* t ■ 

19.611 

0.963B 

39.450 

0. 

0.331 

1.99 

St 

BABE 

BASE 

0. 

0.149 

0.99 

o 

SI 

NASI 

BASE 

190. 

0.073 

0.44 

1 

so  j 
« ■ 

. 

PO  ■ 350 

.51  PSXA 

UdNF)*  3017.3  FT/SEC 

TO  B 

944.7  PEGR 

Q(INr)a  4.139  PSIA 

P(INF)B 

0.1470  PSXA 

T(INP)b  107.0  DEGR 

RB(XNP)b 

0,499E407  PER 

FT 

POP  a 7,49  PSXA 

NU(XHF)b 

0,l41E-07  LBP-8CC/FT3 

RHO(XNFla  O.lSlE-03 

aLUCa/FT3 

■ 

IV-3.  NOMENCLATURE;  HEAT- TRANSFER  DATA 


ALPHA  MODEL 
ALPHA  PREBND 
ALPHA  SECTOR 
CONFIGURATION 
DATA  TYPE 
DEW  FT 
GAGE  NO. 

GROUP 

H(TO) 

L 

MCINF) 

MODE 
MU  (INF) 

NOSE  RADIOS 
P (INF) 

PO 

QDOT 

Q(INF) 

RE (INF) 

RHO(INF) 

ROLL 
ST  (INF) 

ST (INF) (CORRECTED) 

TEDGE 

T(INF) 

TO 


Model  angle  of  attack,  deg 
Support  sting  prebend  angle,  deg 
Tunnel  sector  pitch  angle,  deg 
Model  configuration  (see  Fig.  2) 

Type  of  data  tabulated 

Free-stream  flow  frost  point,  ®F 

Garden  gage  identification  number  (see  Table  1) 

Data  group  number 

2 

Heat-transfer  coefficient,  BTU/FT  -8ec-“R 
Sharp  7-deg  cone  axial  length,  40  In. 
Free-stream  Mach  number 

Static  or  dynamic  data  mode  identification 

2 

Free-stream  viscosity,  Ibf-sec/ft 

Model  nose  tip  radius,  in. 

Free-stream  static  pressure,  psla 

Tunnel  stilling  chamber  pressure,  psia 

, 2 

Heat-flux  rate,  BTU/FT  -sec 
Free-stream  dynamic  pressure,  psia 
Free-stream  Reynolds  number,  per  ft 

3 

Free-stream  density,  Ibm/ft 
Model  roll  angle,  deg 
Stanton  number 

Stanton  number  corrected  (see  Section  4.5) 
Gardon  gage  sensing  disc  edge  temperature,  "R 
Free-stream  static  temperature,  *R 
Tunnel  stilling  chamber  temperature,  “R 
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TRIP 


TW 

V(INF) 

X 

*SURF 


Boundary- layer  trip  configuration  (sphere 
diam  or  nominal  trip  height  in  inches) 

Model  wall  temperature,  ®R 

Free-stream  velocity,  ft/sec 

Model  station,  in. 

Surface  length,  in. 
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AROrINC. 

AEDC  DIVISION 

A SVEPPRUP  CORPORATION  CONPARX 
VON  KARHAH  GAS  DTHAHtCS  FACILITX 
SO  inch  HXPEPSOnTC  TUNNEL  B 
ARNOLD  AIR  FORCE  STATION*  TN. 

DATE  04/18/78  PROJECT  HO.  V41B-WSA 

BANSO/DOTN  KTPCR80N1C  TURBULENT  BOONDART  liATER  tNTEBTXOATXON 
PHASE  It 
CARBON  GAGES 


DATE 

tine 

tine  reduced  TINE  PRQH  CL 

. 

04/13/78 

321341341180 

23ll4t47tSIB  1.04 

1 

DATA  TYPE 

COHPIGURATIOH 

NOSE  RADIUS 

,IH, 

TRIP 

■ 

NODE 

1 

HEAT  transfer 

7 -DEG  CONE 

SHARP 

NONE 

■ 

STATIC 

GAGE  NO, 

• 

E 

X/L 

X 

ODOT 

TCDGE 

TN 

HITO) 

BTCINFl  • 

STdNFl 

flH.} 

SURFACE 

C8TU/FT3*8EC> 

IDEG.RJ 

CDEG.R} 

fBTU/FT2«SEe*DE0R} 

ccorrected: 

G18 

8.000 

.3023 

8.150 

0.2753 

533,1 

534. S' 

9,804E-O3 

«,30.1E-01 

e.367E-03 

G18 

0,083 

.2271 

0,150 

' 0,2747 

533.3 

534,0 

O,884E<03 

O,384C>03 

0.373B-03 

G17 

13.0S3 

' ,3363 

13.150 

0.7333 

535.0 

538,0 

0.330C-03 

0.769C-03 

0.749E-03 

CIA 

IS. 037 

.3750 

15.150 

ORlT 

GlS 

17.033 

.4354 

17.150 

OHIt 

G14 

m.ois 

,4504 

18,150 

0.7066 

535.1 

530.3 

0,3S7E-02 

0,036C-03 

0.89SE-Q3 

• G13 

10. 008 

.4152 

10,150 

0.7308 

534,4 

538.2 

0,238C-Q2 

0.765G«a3 

0,803C-03 

G12 

20.000 

,5000 

30.150 

0,1085 

535.9 

539.6 

0.333C-02 

0,74SE-03 

O.BTOE.Ol 

u>  611 

20.093 

,3348 

31.150 

0,7544 

536.2 

540,1 

0,247B.03 

0,T9SE-03 

0.838E-03 

e CIO 

27.0T5 

.5510 

. 33.340 

517.6 

G9 

23,067 

.5167 

33,340 

OHIT 

CA 

34,060 

.601S 

34,340 

0.8133 

536,4  ' 

540.7 

0.273C-03 

O.OeOE’OS 

O.BlOE-Ol 

07 

2S.052 

,6363 

35,340 

0,7495 

535.0 

536.0 

0.244E-03 

0.7B6E>03 

0.76aE-03 

G6 

26.049 

.6511 

36,340 

□HtT 

GS 

28.010 

.7008 

38.340 

0,7206 

535.4 

530.1 

0,31SE*02 

O.797E-0J 

0.766C-03 

04 

32.000 

,8000 

33.340 

0.7437 

535.4 

530.3 

0,243E-a3 

0.7I0E-01 

0.69SE«OJ 

CS 

33.9BS 

.8496 

34.300 

0,7614 

535.4 

530.3 

0,249E>03 

o,aooE*os 

0.786E>01 

02 

35.070 

.8093 

36,300 

0.7111 

535.0 

538.0 

0,31SE>Q2 

0.T67E-Q3 

0.799E-01 

01 

38.015 

,9984 

30,300 

536.4 

H(INP)8  5.95  ' 

POLL*  •0.04  DEG. 

PO-  350.01  PSXA 

TOa  845.7  DEC.R 

TCINFla 

0(XNF)a 

3914.0  ri/SEC 
4.131  PSIA 

ALPHA  SGCTORB 

0.01 

DEG. 

PdNFJa  .1667  PSIA 

TdNFla 

104,7  DEG.R 

ALPHA  PREBNDb 

0.00 

DEC. 

REdNPJa  6,734E40b  PER  FT. 

DEN  PTa 

•33,DEG,F 

ALPHA  HOOEL  • 

GROUP  03 

0.01 

DEO, 

HUtlNFla  B.432E-0BLBr-SEe/FT3 
FHOdNFla  4.309E-01  LBN/FT3 

I 


!W-4,  I Sample  Data;  Heat-Transfer  Data 


TV-r5.  NOMEHCLATURE : ON-BOARD  PROBE  FLOW-FIELD 


PRINTOUT  PAGE  ONE 

ALPHA  MODEL 

Model  angle  of  attack,  deg 

ALPHA  PB 

Support  Sting  prebend  angle,  deg 

CONFIGURATION 

Model  configuration  (see  Fig.  2) 

DATA  TYPE 

Type  of  data  tabulated 

DEW  PT 

Free-stream  flow  frost  point,  “F 

GROUP 

Data  group  number 

LOOP 

Data  point  identification  number 

M(INF) 

Free-stream  Mach  number 

MU (INF) 

2 

Free-stream  viscosity,  Ibf-sec/ft 

NOSE  RADIUS 

Model  nose  tip  radius,  in. 

P{INF),  PINF 

Free-stream  static  pressure,  psla 

PO 

Tunnel  stilling  chamber  pressure,  psla 

POP 

Free-stream  total  pressure  downstream 
of  a normal  shock,  psla 

FPO 

On-board  probe  pitot  pressure,  psla 

PROBE  STATION 

Probe  station  location  measured  along 
model  surface  from  model  nose  tip,  in. 

PWX 

Model  wall  pressure  at  the  survey  station  (x) 
psia 

Q(INF) 

Free-stream  dynamic  pressure,  psla 

RE (INF) 

Free-stream  Reynolds  number,  per  foot 

RHO(INF) 

3 

Free-stream  density,  slugs/ft 

Model  roll  angle,  deg 

Free-stream  static  temperature,  “R 

Surface  temperature  at  model  station  (X) , ‘'R 

Tunnel  stilling  chamber  temperature,  °R 

Corrected  total  temperature  probe  measuremeiiL,  ®R 

Unshielded  thermocouple  probe  total  temperature 
measurement , 


ROLL 

T(INF) 

TGX 

TO 

TOUI 

TOUM 
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TRIP 


Boundary- layer  trip  configuration  - sphere 
and  grit  dimensions  stated  in  inches 

Model  wall  temperature  at  probe  survey  station,  ®R 
Local  velocity,  ft/ sec 
Free-stream  velocity,  ft/sec 

Height  of  the  pitot  probe  above  the  model 
surface,  in. 

Height  of  unshielded  thermocouple  probe 
above  model  surface,  in. 

All  heading  information  is  identical  to  page  one. 

TG-1  to  TG-19  Gardon  gage  case  temperature,  “R 

PRINTOUT  PAGE  THREE  (Unshielded  Temperature  Probe  Correction) 

All  heading  information  is  identical  to  page  one. 


AO  to  A4 

Calibration  constants 

ETA 

Effective  probe  recovery  factor 

LOOP 

Data  point  identification  number 

MUI 

Local  Mach  number  at  survey  point 

PO 

Tunnel  stilling  chcunber  pressure, 

psia 

PPU 

Local  pitot  pressure  Interpolated 
temperature  probe  height  ZU 

for  total 

REU 

Local  Reynolds  nusiber  at  survey  ^olnt 

All  the  following  parameters  defined  in  Appendix  III. 

DELU,  DELUX,  DELU2,  DELU3,  DELU4,  HU1 , HU2,  TEU,  UUE  and  RHOUE. 


TWX 

UUI 

U(rNF) 

2P 

ZU 

PRINTOUT  PAGE  TWO 
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JkROfXNC  - UDC  OlVISIOir 
A SrCReRUP  C0RP0PAT20N  COMPANY 
VON  NARMAN  6AA  DYNANZCB  PACIbXTT 

ARNOIiD  AIR  PORCI  BTATIORf  fENN  PNOJECT  NO  V41B*N6A 

AAMBO/DOTR  htperbonzc  turbulent  boundary  layer  znvesticatzon 

PRASE  II 


DATE  COMPUTED  A0-JUN*7a 
DATE  RECORDED  I3-APR-7N 
TIRE  RECORDED  33 1 40 1 A 


CROUP  103 
K(|Nr}a  B.95 

RCCZNDa  4*7B4E40b  PER  FT 


ALPHA  MODEL  ■ 0.05  DEC.  DEN  PT»-33.00 
ALPHA  PB  ■ 0,00  DEG.  tOEG  F) 
ROLL  « 0.04  DEG. 


CONFIGURATION  NOSE  RADIUS, ZN 
T-DEC  cone  SHARP 


TRIP 

NONE 


DATA  TYPE 

ON-BOARD  PROBE  Prdbe  STATION  > 38.650  IN,  STATION  NO,«  1 


LOOP 

PO 

TO 

PINT 

POP 

ZP 

PPO 

(PBIA) 

(OECRl 

(PSIA) 

(P81A) 

(INI 

(PSIA) 

1 

250,91 

841,7 

0.167 

7.703 

0,0060 

0.628 

3 

350,81 

843.7 

0.167 

7.700 

0.0085 

0.639 

3 

351,11 

841.7 

0,167 

7,710 

0,0140 

0,787 

4 

351.01 

644.7 

0.167 

7.706 

0.0165 

1.136 

5 

351.31 

844.7 

0.167 

7,TlJ 

0,0215 

1.571 

S 

391.31 

845.7 

0.168 

7,716 

0,0275 

1.849 

7 

351.63 

844,7 

0.168 

7.725 

0,0365 

3.291 

B 

351,63 

845.7 

0.168 

7.735 

0,0465 

2.510 

9 

351,93 

845,7 

0.168 

7,734 

0,0555 

3,713 

10 

351.83 

943.7 

0,168 

7,731 

0.0670 

3.978 

11 

351,93 

843,7 

0.168 

7.734 

0.0765 

3.l8t 

13 

352.33 

945.7 

0,168 

7.743 

0.0865 

3.446 

13 

353.23 

843.7 

0.168 

7,743 

0.095& 

3.681 

14 

352,13 

843.7 

0,168 

7,740 

0.1055 

3.933 

15 

351.92 

843,7 

0.168 

7,734 

O.il60 

4.195 

IS 

351.82 

843,7 

0.168 

7,711 

0.1255 

4.468 

11 

351.72 

845,7 

0.168 

7.728 

0,1360 

4.743 

IB 

351.52 

843.7 

0,168 

7,723 

0.1465 

5.050 

19 

351.73 

845.7 

0.168 

7.738 

0.1565 

5.397 

■ 30 

251,53 

843.7 

0.168 

7,722 

0.1665 

5.637 

31 

351.41 

845.7 

0.168 

7.119 

C,1T60 

5.973 

33 

851.31 

845.7 

0.167 

7.713 

0.1865 

6.332 

33 

.351,53 

845.7 

0,168 

7,733 

0,1965 

6.660 

34 

351,31 

• 43.7 

0.161 

7,716 

0.2060 

7.036 

35 

351,31 

843.7 

0.168 

7,716 

0,3260 

7,774 

36 

351.11 

• 43.7 

0.167 

7,710 

0.3460 

6.566 

37 

351.31 

045.7 

0.167 

7.713 

0.3665 

9.451 

38 

350.91 

041,7 

0.167 

7.703 

0.2065 

10.134 

39 

350.91 

046.7 

0.167 

7,703 

0.3055 

10,793 

30 

350.91 

046.7 

0.167 

7,703 

0.3255 

11.313 

31 

350.71 

846.7 

0.167 

7,697 

0,3465 

11.673 

33 

350.71 

843,7 

0.167 

7.697 

0.36S5 

11.654 

PPD/POP 

PP33 

IPSIAl 

TGI 

(DEGR) 

ZU 

(IN) 

TCUM 

(DEGR) 

TOUN/TO 

o> 

« 

0.0815 

0.328 

734, 

0.0104 

760. 

0,899 

0.0617 

0.339 

734. 

0,0129 

761. 

0.901 

CC 

0,IU21 

0,339 

734, 

0,0164 

763. 

0.902 

p 

0.1473 

0.339 

735. 

0.0229 

763. 

0.903 

0.2031 

0,339 

735. 

0.0259 

764. 

0.904 

0.2396 

0.339 

735. 

0,0319 

764. 

0,904 

0.2915 

0.339 

735. 

0,0409 

766. 

0.906 

0.3249 

0,330 

735. 

0,0509 

767, 

0,908 

u 

0.3533 

0.330 

736. 

0.0599 

769. 

0.910 

rt 

0.3853 

0,330 

736. 

0.0714 

772. 

0,914 

P 

0.4113 

0.330 

736, 

0,0809 

774. 

. 0.916 

• * 

0.4450 

0,330 

737, 

0.0909 

777, 

0.930 

0.4754 

0.330 

737. 

0.0999 

780, 

0.933 

o 

0.5069 

0.330 

738, 

0,1099 

782. 

0.925 

EJ 

1 

6j 

0.5424 

0.330 

738. 

0.1204 

784, 

0.938 

0,5780 

0.339 

738. 

0.1399 

766, 

0.930 

o 

0.6138 

0,330 

738. 

0.1404 

788. 

0,933 

p 

0,6540 

0,330 

738. 

0.1509 

190. 

0.935 

4 

0,6983 

0.339 

738. 

0,1609 

792. 

0.937 

0.7300 

0,329 

138. 

0.1709 

794, 

0.940 

*0 

0,7737 

0.129 

738. 

0,t804 

796, 

0.943 

►1 

0,6197 

0.329 

738. 

0.1909 

797. 

0.943 

o 

o' 

0.B63S 

0.339 

739, 

0.2009 

799, 

0.946 

© 

0.91O7 

0,339 

739, 

0.2104 

800. 

0.947 

1,0076 

0,339 

739. 

0.3303 

802. 

0.949 

1.1111 

0*329 

739, 

0,2503 

803. 

0.950 

.o 

1.2253 

0,329 

739, 

0,2708 

803. 

0.950 

< 

1,3155 

0,338 

739. 

0.2908 

803. 

0.950 

1.4011 

0.339 

739. 

0.3096 

801, 

0,948 

1,4686 

0.339 

739, 

0.3391 

600. 

0.947 

© 

1.5164 

0.329 

739, 

0.3506 

799, 

0.946 

»“■ 

1.5400 

0,328 

739, 

0.3698 

794, 

0,940 

CL 

rACi  mo 


CPOUP 
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LOOP 

PO 

TO 

PIMP 

POP 

ZP 

PPO 

ppn/pop 

PM33 

TGI 

EU 

TOUH 

TOUH/TQ 

(PSIA) 

(DEGR) 

(PEIA) 

(PSIA) 

(IN) 

(PSIA) 

(PSIA) 

(DEGR) 

(IN) 

(DEGR) 

31 

390.81 

843.7 

0.167 

7.700 

0,3855 

11,974 

1.5550 

0.329 

740. 

0.3898 

793. 

0.938 

34 

390.71 

846.7 

0.167 

7.697 

0,4065 

12,014 

1,9609 

0,338 

740, 

0,4108 

793. 

0.938 

39 

390.91 

846.7 

0.167 

7.691 

0,4345 

12.034 

1.9633 

0,338 

740, 

0,4388 

793. 

0,938 

36 

380.91 

846.7 

0.167 

7.691 

0.4465 

12.035 

1.5635 

0.329 

740. 

0.45UB 

793, 

0,938 

37 

390.31 

843.7 

0,167 

7.689 

0,4660 

12.016 

1.5636 

0.328 

740. 

0.4703 

793. 

0.938 

31 

390.41 

843,7 

0.167 

7.688 

0,4860 

13.013 

1.5626 

0.328 

740, 

0,4903 

793, 

0,938 

39 

390.31 

846.7 

0.167 

7.685 

0,5060 

12.005 

1,5622 

0.328 

740. 

0.5103 

792. 

0.937 

40 

390.21 

843.7 

0.167 

7,683 

0,6049 

11.989 

1,5607 

0.328 

740. 

0,6088 

793. 

0.938 

41 

290.31 

846.7 

0.167 

7.689 

0.7055 

11.977 

1,5585 

0.328 

740, 

0,7097 

792. 

0,937 

43 

290.31 

843.7 

0.167 

7.683 

0.8099 

11.936 

1.5539 

0,338 

740. 

0.8097 

793, 

0,937 

41 

390.31 

843.7 

0.167 

7.682 

0.9090 

11.944 

1.9548 

0.338 

740. 

0.9092 

792. 

0.937 

44 

390.31 

846.7 

0.167 

7.682 

1,0050 

11.960 

1.9970 

0.328 

740. 

1,0093 

792. 

0.937 

MEAN  VALUES 
PO  ■ 291.14  PSIA 
TO  * 844.6  DE6R 

P(INP)a  0.1674  PSIA 
PEdNrla  0.476e4>OT  PER  PT 
NUCXRF}*  0,a4|E-07  LBP-8EC/PT2 


UClNPla  2983.)  PT/SEC 

0(INP}B  4.190  PSIA 

TCINP)*  104,9  DEGR 

POP  ■ 7.71  PSIA 

RHO(XMP)a  0,l}4E-03  8LUGS/PTX 


Ln 


lV-6.  Continued 


DATE  C0»IPUTC0 
DATE  RECORDEO 
TINE  RECORDEP 


30-JUN-7S 
U-APR-78 
331401  6 


AROflKt.  - ABDC  DIVISION 
A SVERDRUP  CORPORATION  COMPART 
VON  RARMAN  6AS  DTNANICS  PACILITT 

ARNOLD  AIN  FORCE  STATION*  TERN  PROJECT  NO  V4tB-NSA 

8AMS0/DQTR  HYPERSONIC  TURBULENT  BOURDART  LAYER  INVESTIGATION 

PHASE  II 


GROUP  103  ALPHA  MODEL  ■ O.OS  DEG.  DEM  PTn-93.00  CONFIGURATION  NOSE  RADlUSfiN  TRIP 

MCIND*  B.BB  ALPHA  PS  ■ 0,00  DEO.  (DEG  F)  7>DEG  CONE  SHARP  HONE 

RSCINF)*  4.764E*0S  PER  FT  ROLL  * 0.04  DEG. 

DATA  TYPE 

OM-SOARD  probe  PROBE  STATION  a 3R.S50  IN.  STATION  NO.a  1 


LOOP  TG-l  TG«3  TG-3  TG-4  T6-B  T6.6  TG-T  TG-O  TG-9  TG-tO  TG-ll  TG-13  T6-13  T6-I4  TC-15  TG'16  TG»17  TG-18  T6-}9 

DEGR  DEGR  DE6R  ' DEGR  PECR  DECR  OEGR  DEGR  DCGR  DEGR  DEGR  OEGR  DEGR  DECR  OEGR  DEGR  DEGR  DEGR  DECR 


794. 

’94, 

719, 

’42. 

739, 

743. 

749. 

745. 

747. 

749. 

750. 

752, 

758, 

734. 

737. 

794. 

794, 

799. 

742, 

739, 

743. 

749. 

745, 

747. 

749, 

750. 

753, 

758. 

734. 

7 38. 

794. 

794. 

799, 

743. 

739. 

749, 

749, 

745. 

748. 

749, 

T50. 

752. 

758, 

735. 

738. 

795. 

795. 

739, 

749. 

739, 

743. 

743, 

746, 

748. 

749. 

750, 

753. 

756, 

135. 

738, 

735. 

79*. 

799, 

749. 

739, 

749. 

743, 

746. 

748, 

749, 

750, 

753, 

758, 

735. 

128, 

795. 

795. 

740, 

T43. 

799, 

744. 

744, 

746, 

748. 

749. 

751. 

753. 

759, 

795. 

729, 

795, 

795, 

740. 

743, 

799, 

744, 

744. 

746, 

748, 

749, 

751, 

752. 

759. 

735. 

729. 

715, 

795, 

740, 

743, 

730, 

744. 

144, 

746, 

748, 

749. 

751. 

752. 

759, 

796. 

129. 

714. 

716, 

740, 

743. 

740. 

744, 

744. 

746, 

748. 

749, 

751. 

753, 

759, 

796. 

729, 

796. 

795. 

740, 

743. 

740. 

744, 

744, 

746, 

748. 

750. 

751, 

753. 

759, 

796, 

729, 

796, 

796. 

740, 

’44, 

740, 

744, 

744, 

747, 

749, 

750, 

751, 

752, 

759, 

796. 

130, 

737, 

796. 

741. 

745, 

741. 

745, 

745, 

746, 

749, 

751, 

752. 

751, 

760, 

798. 

731. 

737, 

797, 

74», 

745. 

741. 

745. 

745. 

748. 

750, 

751, 

753, 

753. 

760, 

798. 

731. 

711, 

796. 

741, 

745. 

741. 

745. 

745. 

748. 

750. 

751. 

752. 

753. 

761. 

198, 

791, 

79B, 

797, 

741, 

745, 

741. 

745, 

745, 

748, 

750, 

751. 

752, 

753. 

761, 

798. 

731, 

79I. 

798, 

742. 

745, 

741, 

746, 

746, 

748, 

ISO. 

751. 

752, 

754, 

761, 

738. 

732, 

735. 

798, 

743, 

745. 

741, 

746, 

746, 

748. 

750, 

751. 

753. 

754, 

761. 

738. 

732. 

790, 

798, 

743, 

745. 

741. 

746, 

746, 

748. 

750, 

751, 

752. 

754, 

761. 

798, 

733. 

730, 

798, 

743. 

745. 

741. 

746, 

746. 

748, 

750. 

751. 

752. 

754. 

761. 

738. 

132. 

711, 

738. 

743, 

745, 

741, 

746, 

746, 

748. 

750, 

751, 

752, 

754. 

161. 

738, 

732. 

714. 

798. 

743. 

745. 

741, 

746. 

746, 

748. 

750, 

751, 

753. 

754, 

761, 

739, 

733. 

794, 

738, 

743. 

745, 

743. 

746. 

746. 

748. 

ISO, 

751, 

753,. 

154. 

761. 

739, 

792. 

1 

719. 

738. 

743, 

745. 

743. 

746, 

746. 

749, 

750, 

751, 

759. 

754. 

161. 

739, 

193. 

710. 

798. 

743, 

T45, 

743. 

746, 

146. 

74V, 

750. 

751, 

753, 

754, 

761. 

739, 

793. 

739, 

738, 

743. 

745. 

742. 

746, 

746. 

749, 

750, 

751. 

753. 

754. 

761. 

739, 

793. 

799, 

738. 

742, 

745. 

743. 

746. 

746, 

749, 

ISO. 

752. 

759. 

754. 

761, 

739. 

793, 

T 

719. 

799, 

743. 

746, 

742, 

746, 

746. 

749. 

751. 

753, 

753. 

754, 

761. 

739. 

733. 

g 

719, 

798, 

743. 

746, 

743. 

746. 

746, 

749, 

751, 

753. 

759, 

154. 

761. 

739. 

733. 

g 

799, 

739, 

743, 

746, 

742. 

746. 

746. 

749. 

751, 

752. 

759, 

754, 

761. 

739. 

733. 

0 

719, 

739. 

743, 

746. 

743. 

747, 

747, 

749. 

751, 

753, 

759. 

754, 

763. 

739. 

793. 

719, 

799, 

743. 

746. 

743, 

747. 

747, 

749. 

751  , 

752, 

759, 

754. 

761. 

740, 

199. 

3 

719, 

799, 

743. 

746. 

743. 

746, 

747. 

749, 

751, 

153. 

759, 

755. 

762. 

140. 

793. 

3 

740, 

799, 

741. 

746, 

743. 

747, 

747, 

749, 

751. 

753. 

753. 

754. 

763, 

740, 

733, 

740, 

799, 

741, 

746. 

743. 

747, 

747, 

749, 

751. 

753. 

759. 

755. 

762, 

740. 

199. 

740, 

739. 

741, 

746. 

743. 

747, 

747. 

749. 

751. 

753. 

759, 

755. 

762, 

740. 

739. 

740. 

799. 

743, 

746. 

743. 

147, 

747. 

749. 

751, 

753. 

753, 

754. 

762. 

140, 

733. 

740, 

799. 

749.  . 

746, 

743. 

747, 

747, 

749. 

751, 

763. 

759. 

755, 

762. 

740. 

734. 

740, 

799. 

749,  . 

746. 

743, 

747, 

747, 

749, 

751. 

752. 

753. 

755, 

763, 

740, 

734. 

740. 

799. 

741, 

743, 

7*7, 

747, 

749. 

751. 

753, 

759. 

755. 

763, 

740. 

794. 

0 

740, 

799. 

741. 

746: 

743. 

747, 

747, 

.■750, 

751. 

752, 

759. 

755. 

763. 

740. 

794. 

1 

740, 

740, 

741,. 

746. 

743. 

747. 

747. 

750. 

751. 

752. 

753. 

755. 

763. 

740. 

794. 

IV-6.  Continued 


mec  TNO 


GAOUf  102 


boop 

T6*t 

TG-2 

TG-1 

16-4 

DEGP 

OBGA 

OEGR 

OECR 

43 

740. 

740. 

749 

41 

740. 

740. 

749 

44 

740. 

740. 

749 

TG-5  TG*0  TG-T  T6»0  TC-9 
DEGR  DCGR  OCGR  DCGR  DEGR 

744,  T4J,  747.  747 

. 744,  749.  747.  747 

744,  749.  747.  747 


TO-10 

16-11 

TG-1 2 

TG-1 3 

TC-14 

OECR 

OECR 

DGGR 

OECR 

OECR 

750. 

751, 

752, 

754, 

750. 

751. 

752. 

754. 

750. 

751, 

752. 

754. 

1G-15 

TG-16 

IG-17 

TG-IB 

TC-tO 

OECR 

DEG? 

OECR 

OECR 

OEGR 

755. 

742. 

740, 

734, 

755, 

743, 

740. 

794. 

755. 

743, 

740. 

734, 

O' 


lV-6.  Continued 


AROrXNC  • MDC  DIVXSZOK 
A SVERDRUP  CORPORATION  COMPANY 
VON  RARNAM  CAS  OYNANZCS  FACZtITY 
ARNOLD  AIR  PORCC  STATION.  TENS 


PROJECT  NO  V4ie<-NSA 

SANSO/DOTR  HYPERSONIC  TURBULENT  BOUNDARY  LAYER  INVESTIGATION 

PHASE  XI 


date  COMPUTED  30-JUN-78 
BATE  RECORDED  13-APR-7S 
TIME  RECORDED  33 1 40 1 b 


CROUP  102 
N{INr)B  8«*S 

RC(lHn«  4t764C«0S  PER  PT 


ALPHA  MODEL  ■ O.OS  DEC,  DEN  PTb-32.00 
ALPHA  PS  ■ 0.00  DEO,  (DEG  F) 
roll  ■ 0«04  DEG. 


CONFIGURATION  NOSE  RADIUS. IN 

7*DE6  CONE  SHARP 


TRIP 

NONE 


UNSHIELDED  TEHPERATURE  PROBE  CORRECTIONS 
on-board  PROBE 


LOOP 

EU 

PO  ■ 

TO 

ppu 

(Zh) 

(PSIA) 

(OEGR) 

(P81A) 

1 

0.0104 

280,91 

041.7 

0.694 

2 

0.0139 

350,01 

043.7 

0.756 

3 

0,0104 

251,11 

041.7 

1,139 

4 

0.0239 

351,01 

844.7 

1.636 

S 

0.0359 

351,31 

044,7 

1,775 

s 

0,0319 

351,31 

040.7 

3.046 

7 

0,0409 

351,52 

844.7 

3.365 

9 

0,0509 

301, S3 

045.7 

3.619 

9 

0,0599 

351.93 

045.7 

3.936 

10 

0,0714 

201.03 

842,7 

3,073 

11 

0.0009 

351.93 

043.7 

3.397 

12 

0.0909 

303,33 

045. 7 

3.561 

13 

0,0999 

353,23 

043.7 

3,797 

14 

0,1099 

353.13 

043,7 

4.037 

15 

0,1204 

251,93 

043,7 

4.321 

is 

0,1299 

351,02 

043,7 

4.503 

17 

0.1404 

351,73 

045.7 

4.071 

11 

0,1509 

351.53 

041.7 

5.201 

19 

0.1609 

351,72 

045.7 

5.502 

20 

0,1709 

351,02 

943.7 

5.791 

31 

0.1004 

351.41 

04S.7 

6,117 

23 

0.1909 

251.31 

945.7 

6.469 

33 

0,3009 

251.52 

945. 7 

6.829 

, 34 

0.3104 

351,91 

943,7 

7,199 

2S 

0,3303 

351,11 

943.7 

7.946 

3S 

0.3503 

251.11 

943.7 

9.753 

37 

0.3709 

351,31 

940.7 

9.599 

3S 

0,2909 

350,91 

843,7 

10.294 

29 

0.3099 

300.91 

84S.7 

10,906 

10 

0.3291 

250,91 

040,7 

11,397 

It 

9.350S 

350,11 

046,7 

11,713 

12 

0,3991 

350,71 

041,7 

11,980 

PROBE  STATION  m 30.050  IN.  STATION  NO.b  1 


PPU/PO 

MUZ 

REU 

eta 

0.0037 

1,08 

• 0.56 

0.936 

0.0030 

1.16 

52,74 

0,926 

0.0045 

1.50 

72,30 

0.926 

0.0065 

1,96 

95.82 

0.926 

0.00^1 

1.95 

101.07 

0.926 

0.0091 

2.11 

113,70 

0.926 

0,0094 

3.39 

136.93 

0.926 

0,0104 

2.41 

137.41 

0.926 

0.0112 

2,51 

145.59 

0.936 

0,0122 

2.63 

155.05 

0,926 

0,0131 

3.72 

163.71 

0,936 

0.0141 

3.84 

173.53 

0.926 

0,0150 

2.93 

191.79 

0.926 

0.0160 

3,03 

191.16 

0.926 

0,0173 

3.14 

201.77 

0.926 

0.0103 

3.33 

211,39 

0.926 

0.0194 

3.34 

231.95 

0.926 

0.0207 

3,45 

234,06 

0,926 

0,0219 

3,56 

244,99 

0,926 

0.0230 

3,65 

355.33 

0.926 

0.0243 

3.75 

367.03 

0.926 

0,0258 

3.96 

300,00 

0.926 

0,0271 

3.97 

292.74 

0,926 

0.0306 

4.09 

305.94 

0.926 

0,0316 

4,39 

333.59 

0,926 

0.0349 

4,51 

363,33 

0.926 

0.0303 

4.73 

394,97 

0,926 

0,0410 

4.99 

430,09 

0,926 

0,0435 

5,04 

445.34 

0.926 

0.0454 

S.IS 

463.96 

0.926 

0,0467 

5,33 

476,90 

0.936 

0,0474 

0.27 

406,77 

0.936 

TOUM/TO 

TOUI 

TOUI/TO 

uui 

(DECR) 

(FT/SEC) 

0.099 

770, 

0.913 

1324.04 

0.9O1 

773. 

0.915 

1404,45 

0.902 

TOC. 

0.933 

1708,21 

0.903 

787. 

. 0.931 

1969,11 

0.904 

709. 

0.934 

2024.85 

0.904 

791, 

0.937 

2116.65 

0,906 

796. 

0,942 

2209.04 

0,90« 

790. 

0.945 

3371.23 

0,910 

002. 

0,949 

2318.13 

0.914 

006. 

0.955 

3369.54 

0.916 

009. 

0.950 

3410.90 

0.920 

014. 

0.963 

3455.93 

0.923 

818. 

0.968 

3492.14 

0,935 

021, 

0.973 

3537.11 

0,930 

034. 

0,976 

3562.97 

0.930 

837. 

0,979 

3593.56 

0.933 

030. 

0.933 

3634,27 

0.935 

033. 

0.906 

3666.13 

0.937 

036. 

0.990 

2603.24 

0,940 

039. 

0.993 

2707,50 

0.943 

042, 

0,996 

2733.56 

0.943 

043. 

0,999 

3756.62 

0.946 

946. 

1.003 

2778.99 

0.947 

040. 

1,004 

2799.11 

0.949 

051. 

1.000 

2036.70 

0.9S0 

053. 

1.010 

2069,13 

0,950 

054. 

1.011 

3096,46 

0,950 

• 55, 

1,013 

2915.73 

0.940 

853. 

1,010 

3927.77 

0.947 

053. 

1.010 

3936,90 

0,946 

052. 

1.009 

3942.17 

0.940 

047. 

1,003 

3936.39 

iv-6.  Continued 


PAOC  TWO 


CRovp  loa 


LOOP 

EU 

PD 

TO 

PPU 

PPU/PO 

MUX 

38 

(XN) 

0.3899 

tPSXA) 

350.81 

(DEGRI 

843,7 

(PSIA) 

11,983 

0,0478 

5.39 

84 

0.4108 

350,71 

846.7 

12.017 

0,0479 

5.30 

8S 

0,4268 

350.51 

846,7 

13.034 

0,0480 

5.30 

86 

0.4S08 

250.51 

846.7 

13.033 

0.0480 

5.30 

87 

0.4703 

250.31 

843,7 

13.015 

0.0480 

5.30 

SB 

0.4909 

250.41 

843,7 

12,011 

0.0480 

5.30 

89 

0,9103 

350.31 

846,7 

13.005 

0.0480 

5.29 

40 

0,6088 

390.31 

843,7 

11.988 

0.0479 

5.39 

41 

0.7097 

390,31 

846.7 

11.975 

0.0476 

5.29 

43 

0,8097 

390,31 

843,7 

11,997 

0,0477 

5.38 

43 

0,9093 

350.31 

848,7 

11,945 

0,0477 

5.38 

44 

1,0093 

390,31 

846,7 

13.009 

0,0480 

5.39 

CAliXMATlOH  C0PBTAH18 

AOb  9aa60E«0t  AIb  O.OOOBlOO  All 

0,OOOE+O0  A3b 

O.OOOEfOO 

REU 

ETA 

tduh/to 

TQUl 

(DEGR) 

roui/To 

UUI 

(FT/5EC) 

491.39 

0.936 

0.938 

846. 

1.001 

3936.60 

492.69 

0.926 

0.938 

846. 

l.OD! 

3937,29 

493.96 

0.926 

0.938 

846. 

1.001 

2937,44 

493.93 

0.926 

0.938 

• 46. 

l.OUl 

2937,42 

492.64 

0.926 

0.938 

846, 

1.001 

2937,27 

492,49 

0.926 

0.938 

846. 

1,001 

2937.19 

493,98 

0,926 

0,937 

845. 

1,000 

2935.20 

491.63 

0,926 

0.938 

846. 

1.001 

3936,73 

491,86 

0.926 

0,937 

845. 

1.000 

3934.61 

490,40 

0.926 

0,937 

845. 

1.000 

2933,83 

490,70 

0.936 

0,937 

845, 

1.000 

2933,99 

493,13 

0.926 

0.937 

845, 

1.000 

2935.38 

A4a  0,0(M1««Q0 


HEAM  VALUES 

PO  m asl.lA  PSXA  U(INp)a  3982.1  FT/SBC 

10  ■ 844.6  DEGR  0(INP)a  4. ISO  P8XA 

P(INP>b  0.1674  PSIA  TCXPPla  104.5  OEGR 

PECINPla  0.476E*07  pER  fT  POP  ■ 7*71  P8XA 

PUCINPlB  0.841E-07  LEP'^SEC/PTS  RH0(1PP)b  0.n4E*03  SLUCS/PTS 


IV-6,  Continued 


MOflRC  • MK  DlViaZQN 
jk  Rvnimur  caiwaRAtioii  cowftaT 
VQR  lUMAN  9M  RWMtCS  rUXliItt 

MmD  AIR  rORCC  MATIORt  tCW  PROJBCT  NO  T41B-MAA 

•kNNO/DOTR  HTPSMONie  TORBOIteRT  BDVNDARy  fiATBR  ZHVeBTIOATION 

PRABE  It 


DATS  COHPUTEO 
DATE  RECOROED 
TINE  RECORDED 


OROtlP  tOl 
NCINPJa  •••$ 
RB(tHP)a  4.TB4E' 


alpha  model  ■ O.OS  DEO.  DEN  PTa-IB.OO 
ALPHA  Pi  ■ 0,00  DBG.  COEO  P) 
ROLL  ■ 0.04  DEG. 


COnPXGURATZOM  robe  RADXOSrlH 
T*DB6  CONE  SHARP 


DATA  TYPE 

ON-BOARD  probe  PROBE  STATION  ■ SB. BSD  XH,  BTATXOH  HO.a  1 

BOONDART  LATER  TALDES 


DELU  ■ O.SPST  IN. 

DELUM  0.1994  IN. 

DSLUSa  0.013B  IN. 

DCLNla  XR. 

OSIiD4a  IN. 

HUt  ■ IJ.aGOG 

RON  ■ 0.0000 

TEU  • 044.0  DB6R 

RUE  • tPlO.O  FT  PER  SECOND 

NHOESa  t.t49E-04  SLDGE  PER  FTP  - 


Ui  i 

w I 


MEAN  VALUES 
PO  a 351.14  PSZA 
TO  a 844,4  DECR 
PCXNPJb  0.1474- PSXA 
RE(ZNF)a  0.470B40T  PER  FT 
NOaNFla  0.B41E-0T  LOF-SEC/FTS 


U(lNr)a.29B3.1  FT/BEC 

OCNFla  4.100  P81A 

TCINFJa  104.9  OSGR 

POP  a 7.71  PSXA 

RH0CXNF>a  0.1t4E-01  SLUGB/FTI 


30-JUN*7a 
1 1-APR-7B 
3>I40|  4 


TRIP 

ttOHE 


Coac lud^d 


IV-7.  NOMENCI4ATURE ; OVERHEAD  PROBE  FLOW-FIELD  DATA 

PRINTOUT  PAGE  ONE 


ALPHA  MODEL 

Model  angle  of  attack,  deg 

ALPHA  PB 

Support  sting  prebend  angle,  deg 

CONFIGURATION 

Model  configuration  (see  Fig.  2) 

DATA  TYPE 

Type  of  data  tabulated 

DEW  PT 

Free-stream  flow  frost  point,  ®F 

GROUP 

Data  group  number 

LOOP 

Data  point  Identification  number 

MCINF) 

Free-stream  Mach  number 

MU (INF) 

2 

Free-stream  viscosity,  Ibf-sec/ft 

NOSE  RADIUS 

Model  nose  tip  radius.  In. 

P(INF)  , PINF 

Free-stream  static  pressure,  psla 

PO 

Tunnel  stilling  chamber  pressure,  psla 

POP 

Free-stream  total  pressure  downstream 
of  a normal  shock,  psla 

POO 

On-board  probe  pitot  pressure,  psla 

PRESO 

Preston  tube  pressure,  psla 

PROBE  STATION 

Probe  station  location  measured  along  model 
surface  from  model  nose  tip,  In. 

PWX 

Model  wall  pressure  at  the  survey  station  (X),  psla 

Q(INF) 

Free-stream  dynamic  pressure,  psla 

RE (INF) 

Free-stream  Reynolds  number,  per  foot 

RHO(INF) 

.3 

Free-stream  density,  slugs/ft 

ROLL 

Model  roll  angle,  deg 

T(INF) 

Free-stream  static  temperature,  "R 

tAUWO 

Shear  stress  at  the  model  wall,  psf 

60 


TO 


Tunnel  stilling  chamber  temperature, 

TOUM  Unshielded  thermocouple  probe  reading,  °R 

TRIP  Boundary-layer  trip  configuration  - sphere 

and  grit  dimensions  stated  in  inches 

TWI  Model  wall  temperature  at  probe  survey  station,  *R 

U(INF)  Free-stream  velocity,  ft/sec 

XF  Probe  axial  position  in  digital  counts 

ZO  Pitot  probe  height  above  model  surface,  in. 

ZOT  Height  of  unshielded  thermocouple  probe  above 

model  surface,  in. 

PRINTOUT  PAGE  TWO 

All  heading  information  is  identical  to  page  one. 

TG-1  to  TG-19  Garden  gage  case  temperature,  ®R 

PRINTOUT  PAGE  THREE  (Unshielded  Temperature  Probe  Correction) 

All  heading  information  is  Identical  to  page  one. 

AOO  to  A04  Calibration  constants  (unique  to  individual 

probe) 


ETAO 


Probe  calibration  function 


LOOP 

MOI 

PO 

POOI 

ROD 

TO 

TOOI,  TOO 

UOI 

ZOT 


Data  point  identification  number 

Local  Mach  number  at  survey  point 

Tunnel  stilling  chamber  pressure,  psla 

Local  interpolated  pitot  pressure,  psia 

Local  Reynolds  number  at  survey  point 

Tunnel  stilling  chamber  temperature,  *R 

Local  corrected  and  uncorrected  total  temperature, 
respectively,  at  a survey  point,  ‘R 

Local  flow  velocity  at  survey  point,  ft/sec 

Height  of  unshielded  thermocouple  probe  above 
model  surface,  in. 
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PRINTOUT  PAGE  FOUR  (Boundary  Layer  Values) 


DEL 

Boundary- layer  thickness,  in. 

DEL* 

Displacement  thickness,  in. 

DEL2 

Momentum  thickness,  In. 

DEL3 

Kinetic  energy  defect,  in. 

DEL4 

Total  enthalpy  defect,  in. 

HI 

Shape  factor , DE*/DKL2 

H2 

Shape  factor,  'DEL/DEL3 

MTAUO 

Friction  Mach  number 

RHOED 

Flow  density  at  boundary-layer  edge,  slugs/ft 

RTAUO 

Calibration  parameter 

TED 

Total  temperature  at  boundary-layer  edge,  °R 

UOED 

Flow  velocity  at  boundary- layer  edge,  ft/sec 

All  other  parameters  such  as  PTAUO  and  F10  are  defined  In  Appendix  III. 
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AIIIOLD  AIR  rORCB  •TATZORf  TBRR  PROJECT  RO  T41R-NAA  ■ 

RAMRO/DOTR  RTPBR80NIC  TORRaitERT  BODHDART  liATER  ZHVBatZRAf ION 

PHASE  ZZ 


RROUP  lOR 

9LPHA  HODIb  ■ 0.01 

DEE. 

DEV  PTa-33 

.00 

GORPX6URATZOR 

RORE  RAOZORfXR 

TRZP 

HCZRr)«  S.fS 

RbPRA  PR 

■ 0.00 

DEO. 

(DEO 

f) 

7-DB6  CORE 

•HARP 

RORE 
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ROLL 

■ -00.94 

DEO. 

RATA  TYPE 
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PROSE  RTATXON  ■ 31. 

150  ZN. 
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• ■ 1 
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po 

TO 
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POP 

ZO 

POO 

PDO/POP 

EOT 

TOO 
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PH33 

TR  1 

PREBO 

TAVNi 

(PRIAl 

CDE6R1 

CPOXA) 

(PSZA) 

tZN) 

(PSZA) 

(IN) 

(OEGR) 

(P81A) 

(DECRl 

(PRZA) 

(prp: 

1 

191.41 

049.7 

0.140 

7,719 

0,0040 

0.444 

0.0043 

0.0101 

790. 

0.895 

- 0.329 

741. 

1.011 

l.ORI 

3 

191.41 

047.7 

0,140 

7,710 

0.0090 

0.459 

0.0448 

0,0131 

743. 

0,900 

0.339 

741, 

• 

J - 

III. 13 

044.7 

0.140 

7.738 

0,0149 

0.498 

0.0044 

0.0114 

744, 

0.905 

0.330 

741. 
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\ 
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144,7 

0.140 

0,0310 
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0.0351 

740. 
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0.330 

741. 
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PM 

• 
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044.7 

0.140 

7l7ao 

0.0340 

1.130 

0,1449 
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740. 

0.907 

0.330 
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t 

4 

891.31 

044.7 

0.147 

7,713 

0.0499 

3.340 

0.3099 

0.0494 

770. 

0,909 

0,339 

741. 

7 

391.11 

047.7 

0.140 

7,714 

0,0940 

8,907 

0.3393 

0,0601 

771. 

0.911 

0,329 

391.31 

947.7 

0.107 

7*713 

0.0449 

3.035 

0,1474 

0.0704 

778. 

0.913 

0.339 

741^ 

OQ  : 

» 

391,31 

047.7 

0.147 

7.713 

0.0770 

3.047 

0.3974 

0.0011 

774. 

0,914 

0.339 

741. 

to 

391.31 

044,7 

0.147 

7.713 

0.0949 

3.379 

0.4347 

0.0904 

774. 

0,914 

0.339 

741. 

tt 

39l.lt 

047.7 

0.147 

7,710 

0.0049 

3.981 

0.4547 

0.1004 

770. 

0.919 

0,329 

741. 

"W 

ta 

391.11 

947.7 

0,147 

7.710 

0.1049 

3,749 

0.4609 

0.1104 

700. 

0,921 

0.329 

741. 

0 

391.11 
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0.147 
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0.1175 

4.049 
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0.1315 
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0,934 

0.329 

741. 

- 
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-0,934 

0.339 

741, 

w 
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391.31 
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7,713 

0.1365 

4.955 

0.5906 

0,1405 
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0.930 

0.339 

741. 

rt 

OJ  . II 

391.01 

044.7 

0.147 

7,704 

0.1445 

4,031 

0.4354 

0,1505 

108. 

0.931 

0.329 

741, 
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! 11 

390.01 

047.7 

0. 147 

7.703 

0,1915 

9.131 

0.4447 

0.1415 

709, 

0.933 

0.339 

•• 

391.01 

•49.7 

0.147 

7.704 

0.1445  ' 

9d431 

0,7037 

-0.1705 

791, 

0.934 

0.339 

741, 

- 

If 

891,01 

044.7 

0.147 

7.704 

0.1775 

5.739 

0.7434 

0,1015 

793. 

0.937 

0.339 

0 

391.01 

0.147 

7.704 

0,1875 
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0,7793 

0.1915 
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0.329 

741 1 

< 
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•49!7 

0.147 
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0.339 

■ <D 
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0.329 
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Vf 

- 
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1.0414 

0.3535 
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0.339 
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9 

391.01 

•49,7 
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9.041 

1.1713 

0.3730 

001. 

0.944 

0.329 

741. 

191.01 

047.7 

0.147 
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0,3005 
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1,3714 

0.3935 

801. 

0*944 

0,329 

741. 

390.01 

-047 . 7 

0.147 

7,703 

O.JOOO 

10.537 

1.3465- 

0.3130 

199. 

0.944 

0.339 

741, 

•0 

21 

390.01 

•47.7 

0.147 

0.3000 

10.510 

1,3459. 

0.3130 

799. 

0.944 

0.321 

741, 

890,41 

049*7 

0.147 

7,404 

0.3000 

10i510 

-t.MAO 

0,3120 

799. 

0.944 

0,331 

741, 

0 

tr 

If 

390.fl 

0.147 

7.701 

0.3000 

10.534 

1.3461 

0;3180 

799, 

0,944 

0,320 

0 

as 

390.91 

0.147 

0.3000 

10.911 

1.3479 

0.3130 

799. 

0.944 

0.330 

741 1 

•>4 

>1 

390.01 

94sl7 

0.147 

tItoo 

0.3300 

11.133 

1.4457 

0.3330 

797. 

0.941 

0.320 

741. 

11 

390.41 

949.7 

0.147 

7.004 

0.1399 

11. Ill 

1.4440 

0.1339 

790, 

0,942 

0.389 

0 

190.71 

047.7 

0.147- 

7,497 

0.1309 

11.134 

1.4449 

0.1339 

797. 

0,941 

0,339 

741 1 

i 

1 

Rd 

• 

a 

■ g 

ct 
- » 

»MI  Tm  OMIUP  to« 


MOP 

PO 

TO 

PXOP 

POP 

10 

POO 

POO/POP 

lOT 

TOO 

tPOXAJ 

CDBGR) 

CP9IA} 

IPOXAI 

(lOI 

(P9IA) 

(INI 

CDCGP) 

14 

-990.91 

049.7 

0.147 

7.401 

0.3490 

11.940 

1.9010 

0.3530 

190. 

IS 

IBO.fi 

044.7 

0.147 

7.703 

0.3709 

11.119 

1,9337 

0,3749 

799. 

as 

990.91 

049,7 

0.147 

7.401 

0.3009 

11,043 

1.9994 

0,3933  . 

704. 

at 

990.41 

047.7 

0.147 

7,404 

0.4100 

13.049 

1,9499 

0.4140  . 

794. 

M 

390.41 

047.7 

0.147 

7,404 

0,4309 

13.049 

1.9401 

0,4139 

794, 

at 

390.41 

047.7 

0.147 

7,404 

0,4409 

13.077 

1.9097 

0.4539 

794, 

4t 

990.11 

049,7 

-0.147 

7.409 

0.47O9 

12,043 

1,9400 

0.4749 

704. 

41 

390,11 

•47,7 

0.147 

7.409 

0.4000 

12,040 

1.9494 

0.4730 

704. 

4a 

310,11 

049,7 

0.147 

7.409 

0,4010 

12,040 

1,9477 

0.4990 

794, 

4a 

390.91 

049.7 

0,147 

7.401 

0,9009 

13,097 

1.9477 

. 0.9139 

794, 

44 

390.41 

147,7 

0.147 

7,400 

0.4100 

12.043 

1,9449 

0.0140 

703. 

4S 

390.01 

947.7 

0.147 

7.074 

O.7O90 

12,017 

1.9490 

0.7130 

793. 

44 

390,31 

147.7 

0,147 

7.409 

0.0009 

11.009 

1.9407 

0,0134 

794. 

41 

390.41 

041.7 

0.147 

7.000 

0,0130 

11.099 

1.9061 

0.9199 

7.93. 

4t 

390,11 

049.7 

0.147 

7,419 

1.0130 

13.009 

1,9037 

1.0199  . 

793. 

49 

390.11 

047.7 

0.147  . 

7,409 

1.3039 

13.094 

1,9000 

1.3041 

703. 

to 

390,11 

049.7 

0.147 

7.009 

1,9149 

11.074 

1.0494 

1.9103 

791. 

tl 

390.81 

047.7 

0.147 

7,419 

1,7090 

11.494 

1,9229 

1.7000 

TOO, 

St 

390.11 

049,7 

0.147 

7,470 

3.0149 

11.494 

1,9310 

3.0103 

790, 

ToO/TO 

. PN33 
(P8XA) 

TM  1 
COKGRl 

0.940 

0.330 

741. 

0.939 

0.330 

741. 

0.930 

0.339 

741. 

o.oja 

0,339 

741. 

0.93S 

0.331 

741, 

0.930 

0,330 

741. 

0^930 

0.330 

741. 

0.931 

0.320 

741. 

0.939 

0.320 

741. 

0.939 

0.330 

741. 

0.937 

0*330 

741. 

' 0.937 

0.330 

741, 

0.939 

O|320 

741. 

0.937 

0.320 

741. 

0*937 

0,330 

741. 

0.937 

0.130 

741. 

0,934 

0.330 

741. 

0.933 

0.137 

741. 

0.933 

0,137 

741. 

NBM  TALUCS 

90  ■ asQ.aa  psxa 

TO  ■ Mft.A  DBGft 

9CXNr>a  0,t«Ta  PSXA 
»BCtNr)«  0.4T«B«6T  PBB  Ft 
MicxRriB  o»a4SB>a7  ur-SBC/na 
XP  ■ •»4.  CM 


oczana  aaas.a  ft/bk 

0(ZBP)a  4.144  PBIA 

Tcxap)*  104.7  0C6II 

POP  ■ 7.70  POXA 

MBOCXVPla  e.l)4C-oa  Bbueo/PTI 


PMBO  TAUKC 
CPBXA)  CPOn 


o 

o 

a 

«+ 


JWOflK  • ftCK  DtTIIlOR 
« ffBiuNuir  coRPoutiiui  cmvm 
fov  XMUfti  wa  DTiaKies  rACiLifX 
•Mrau  »!■  roftci  mfxoKf  nm 


OATS  COHPDTED  S0*JUa*7a 
DATS  PBCORDCO  t4-APR>7a 
TIKE  RECOPDtO  1I3SI  t 


PROJECT  RO  T41E-WAA 

■ARfO/DQTR  RTPERSOHXC  TOMELEET  BOUNDARY  bATER  XRVESTIQATION 

PHARE  XI 


OROVP  104 
N(XRPI«  l.ll 

RBCIina  4.744S40R  PER  Pt 

data  ms 

UflRREAP  PRWE 


AbPHA  NODIL  ■ 0.01  DEO, 
ALPHA  PR  ■ 0.00  DEO. 
ROLL  • -OR. to  DBG. 


r>-i>.oo 

COEG  ri 


CONFIGURATION 
T-DBO  CONE 


NOSE  RADIOS* IN 
SHARP 


PROBE  STATION  • Jt.BSO  XN. 


STATION  NO.«  1 


bOOP 

T6*l 

TG-1 

TC-9 

TC-4 

TC*9 

TG-5 

- 

DESR 

DBGR 

DEGR 

DEGR 

DEGR  . 

DEGR 

1 

741. 

741. 

124, 

144, 

900. 

149, 

a 

741, 

741. 

129, 

744. 

201. 

149, 

9 

741, 

741. 

120, 

744. 

209. 

149. 

.4 

741, 

741. 

104, 

744, 

204, 

149, 

. 9 

741. 

741. 

129. 

744, 

BOB. 

749, 

0 

741. 

741. 

124. 

744, 

215. 

749, 

7 

741, 

741, 

124, 

744. 

219. 

749. 

t 

741. 

741. 

120, 

744, 

219, 

145. 

9 

741, 

141, 

120. 

744, 

219. 

145. 

' 10 

741, 

741, 

124. 

144. 

217. 

149. 

11 

741, 

741. 

124. 

144. 

217. 

149, 

la 

741, 

741. 

124, 

144, 

212, 

149. 

19 

741, 

741, 

124, 

144, 

212. 

149. 

14 

741, 

741, 

125, 

144. 

219. 

149. 

19 

741. 

741, 

124. 

144. 

219, 

149, 

19 

741. 

741, 

120. 

144, 

210, 

149. 

:i  17 

741, 

741. 

124, 

744, 

210. 

149. 

19. 

741, 

741. 

194, 

144, 

tat. 

7,49, 

19 

741, 

741. 
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744, 

219. 

745. 

M ■ 

741. 

741. 

120. 

744, 

211. 

749, 

11 

741, 

741. 

124. 

744, 

211. 

749. 

11 

741, 

741. 

120. 

744, 

213. 

749. 

19 

141, 

141. 

124. 

744, 

219, 

745, 

14 

741. 

741, 

124. 

144. 

214. 

749. 

19 

741, 

741, 

120, 

744, 

214, 

.749, 

M 

741. 

741. 

124, 

744, 

214. 

145. 

17 

741, 

741. 

120, 

144, 

214, 

145, 

IB 

741. 

741, 

120. 

744, 

211. 

149. 

19 

741. 

741. 

124. 

744, 

Oil. 

149. 

90 

741. 

741, 

120. 

144, 

211. 

749, 

11 

741. 

741, 

124. 

744. 

219. 

149. 

11 

741. 

741, 

125. 

744, 

213, 

749. 

11 

741. 

741, 

120. 

744, 

213. 

749, 

14 

741. 

741, 

125. 

744, 

211. 

745. 

99 

741, 

741, 

120. 

744. 

211. 

749. 

90 

741. 

741. 

190. 

744, 

213. 

749. 

97 

741. 

741, 

120, 

.744, 

211. 

749. 

12 

741. 

741. 

124. 

744, 

219. 

749. 

19 

741. 

741, 

Its. 

744.' 

219, 

745, 

49 

741, 

741. 

124; 

744, 

211. 

749, 

41 

741, 

749. 

120, 

744, 

Oil. 
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742. 

142. 

141, 

142, 
142. 
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742, 
142. 
142. 
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142. 
742. 
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742, 
742, 
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742. 
142. 
742, 
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142. 

740. 
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142. 
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149, 

749, 
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DEGR 
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763. 

143, 

136. 
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763. 

749. 
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910, 

143, 

143. 

796, 

754, 

920. 

749. 
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736. 

154. 
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143. 

736. 
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735. 

194. 
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743. 
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743. 

143. 
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196. 
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743. 
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143. 
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134. 
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743. 

749. 

736. 
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743, 
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749. 

136. 
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743. 

194. 
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756, 
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149. 
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743. 

736. 
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743, 

196. 
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920. 

749. 

143. 

736. 
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920. 

143. 

144, 
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196. 

920. 

163. 

143, 

134. 

190, 

920, 

1.49, 

749. 

194, 

155, 

920. 

763. 

743. 

134, 

196, 

920. 

769. 

743. 

136. 

196.. 

910. 

743, 

143, 

736. 

756. 

920. 

763. 

749, 

195. 

156. 

920, 

749. 

143. 

734, 

196. 

920. 

763. 

743, 

136. 

155. 

920. 

753. 

749. 

134, 

756, 

920, 

163. 

741. 

135. 

796. 

920. 

149. 

143. 

734. 

790. 

920, 

749. 

149. 

734, 

796. 

920, 

743, 

749. 

794. 

794, 

910, 

749; 

749, 

794, 

790, 

920. 

149. 

749, 

795. 

jlv-8.  ! Continued  - 


PMK  TMO 


ffioap  lOS 


U6» 

TC-1 

K-8 

te-4 

TC-S  . TG-4 

IC-7 

te-i 

10-9 

TO-10 

DBCH 

Dsen 

DBOR 

K6R 

DB6R  DBCR 

DBGR 

DE6R 

DBG4 

DBGO 

ii 

741. 

748, 

144. 

744, 

881.  745, 

743. 

748. 

749, 

891, 

41 

741, 

741. 

184, 

744. 

741. 

748, 

749. 

■51. 

741, 

741, 

744, 

48Q.  744, 

741. 

74*. 

749, 

*51. 

48 

741. 

741. 

146, 

744. 

484.  748, 

743. 

74*. 

749, 

■91. 

741. 

144. 

744. 

419.  748. 

743, 

748, 

749, 

851. 

748, 

144. 

744, 

480.  744, 

743. 

748, 

749, 

451. 

41 

741 ! 

741, 

480.  744. 

743. 

748. 

749, 

451. 

V 

741. 

748. 

144l 

744! 

481,  744. 

748. 

749. 

851, 

741. 

741, 

144. 

744, 

*81.  744. 

741, 

748, 

749. 

051, 

748. 

144, 

744. 

488.  744, 

743. 

744, 

749, 

451. 

741, 

741. 

144. 

744. 

488.  744. 

741. 

748. 

749. 

491. 

90-11 

90-18 

TG-11 

TG-14 

90-15 

90-14 

TO-17 

96-10 

90-19 

DCOR 

OBOR 

0B6R 

DBGR 

OEGR 

DBCR 

OBCR 

oeoR 

oeoR 

751, 

754. 

754. 

795. 

754. 

920. 

763, 

743. 

734. 

751. 

754, 

754, 

755, 

754. 

920. 

763. 

743. 

137. 

791, 

754. 

755. 

754. 

020, 

743,. 

743. 

734. 

751. 

754I 

754. 

755. 

754. 

920. 

763. 

744, 

734. 

751. 

754, 

754. 

755. 

754. 

920, 

743. 

743, 

734, 

751. 

754. 

754, 

755, 

754. 

920. 

743. 

737, 

781. 

754. 

784. 

759, 

754. 

920. 

744I 

751. 

754, 

754. 

755. 

754, 

020. 

743I 

744. 

751. 

754. 

754. 

785. 

754. 

920. 

743. 

744. 

IJlI 

781. 

784. 

784, 

754. 

930, 

743. 

741. 

737. 

781. 

784. 

754, 

784. 

930. 

741. 

743. 

734. 
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AMtlM  « UK  DlfMXm 
« tVEllDllUP  CCmPDIlATXOI  COMPANY 
YON  KAIUUN  «AI  OTIAMXCM  PACILITY 

AMmW  AIR  PORCC  BTAYXOW*  YDIN  PMJCCY  NO  V4tB-N«A 

BAMaO/DOTR  BYPBRBOKIC  fVRBULBNT  BOOBOARY  LATBR  XNVE8TI0ATX0N 

PHABB  ZX 


DATE  CONPUtCD  ]0-JUN-7t 
DATB  RCCOROBO  1A>APR*78 
YZNE  RECOROSO  lIlBi  1 


BBOOP  1«A 
NCZRPXb  B.BB 

RECXBrXB  4.744Em  PER  Pt 


A»BA  RqDSL  ■ 0.01  DEB.  DEN  PTa*32.00 
ALPHA  PB  ■ 0.00  DEB,  (0E6  P) 
ROLL  ■ -10.94  OEB. 


CONPZBDRATXOB  ROBB  RADZO< 
T-DBB  eiWB  BBARP 


TRIP 

NONE 


maHtBLOEB  TBNPERATIIRE  probe  CORRECYXONO  PROBE  STATZON  ■ 30.490  XN.  BTATZOM  NO.a  1 

OTBRRBAB  PROBE 


LOOP 

tot 

PO 

to 

pool 

pooi/pq 

RDI 

ROD 

BY  AO 

tOO/TO 

TOO! 

TOOI/TO 

DOl 

CXNI 

(PflU> 

CDE6R) 

(PBXAI 

IDEGR) 

CPT/4BCI 

1 

O.OiOl 

391.41 

049,7 

••494 

0,0024 

l.OB 

44.49 

0.910 

0.89B 

749. 

0.909 

1207.71 

2 

0.013I 

391.41 

047,7 

0.492 

0.0024 

1,04 

0.910 

O.90O 

77.3, 

0.913 

t208.89 

1 

0.0104 

291.92 

944,7 

0,004 

0.0013 

1.21 

'94I0O 

0.918 

0.90B 

790. 

0.922 

1440,94 

4 

O.OIBt 

291.92 

044,7 

1.101 

0.0047 

t.B9 

73.04 

0,910 

0,907 

789, 

0.932 

1791.74 

« 

0.0201 

291,72 

044,7 

1,394 

0,0094 

1.40 

01,90 

0.9IO 

0.907 

791, 

0.934 

1049.01 

4 

0,0494 

291,21 

044,7 

2,447 

0,0097 

2.31 

120.99 

0.919 

0.909 

•04. 

0.949 

2341.42 

1 

0.0401 

291.31 

047,7 

3.M3 

0.0107 

2.49 

130.90 

0;9l9 

0.911 

004. 

0.953 

2297.14 

B 

0.0704 

291.21 

047,7 

0.0114  ' 

3,94 

140,14 

0,919 

0,9i3 

•09. 

0.994 

2348.04 

9 

0,0011 

291.21 

. 047.7 

3,190 

0,0124 

2.67 

157,12 

0.919 

0.914 

812, 

0.940 

2393.54 

10 

0,0904 

291,21 

944,7 

3,379 

0.0114 

2.74 

149.42 

0.919 

0,914 

• iB, 

0.943 

3432,77 

tl 

0,1004 

291,11 

047,7 

3,622 

0,0144 

2,00 

174,74 

0.919 

0.919 

819, 

0.947 

2478.78 

11 

0,1104 

291,11 

047,7 

3,072 

0.0194 

2.97 

184.11 

0.920 

0.921 

•22. 

4,971 

2909,07 

0.1314 

291.11 

049.7 

4,179 

0,0144 

1,09 

199.90 

0.920 

0.934 

• 35. 

0.979 

2990,14 

14 

0.1290 

291.01 

04B.7 

4.370 

0.0174 

1.14 

202,89 

0,920 

0,924 

• 28. 

0,970 

2574,00 

19 

0.i4QB 

291.21 

044.7 

4.443 

0.0104 

1.27 

313,39 

0.920 

0.928 

• 31, 

0.982 

3408.34 

IB 

0.1909 

291,01 

044.7 

4.931 

0.0194 

' 3.34 

223.00 

0.920 

0,931 

434, 

0.989 

2434.70 

19 

0,1419 

290,91 

' 047;7 

0,0309 

3.40 

0.920 

0,912 

• 34, 

0.988 

2444,01 

19 

0.1709 

291.01 

049,7 

91999 

0.0231 

3,97 

249I24 

0.920 

0,934 

• 39. 

•0.991 

2491.31 

0,1019 

291,01 

•44,7 

9.041 

0.0233 

3,47 

294,14 

0.920 

0.937 

• 42. 

0.999 

2714,39 

0.1919 

291.01 

047.7 

4,193 

0,0249 

3.77 

0.930 

0.938 

043. 

0,997 

3738.57 

0,2120 

290.91 

149.7 

4,093 

0.0279 

4.00 

294139 

0.920 

0.941  ' 

•41, 

1.002 

2784,17 

22 

0,2320 

290.91 

049.7 

0.0303 

4.20 

320,09 

0.921 

0.944 

•91. 

1.004 

2823.40 

23 

0,2929 

291,01 

940.7 

• •395 

0,0334 

4.42 

349,01 

0.921 

0,944 

•59. 

1.010 

2859, 74 

24 

0,2920 

291,01 

94S,7 

9.190 

0,0144 

4.43 

378.72 

0.921 

0.944 

•64, 

1.011 

2887.30 

29 

0.2929 

291.01 

047,7 

9.949 

0.0394 

4.02 

407.04 

0.921 

0.944 

054. 

1,012 

3909.90 

0,3120 

290,91 

147,7 

10.447 

0.0424 

4.99 

434.94 

0,921 

0.944 

•99. 

1.010 

2924,72 

0,3130 

290,91 

•47,7 

10.447 

0,0429 

4.99 

0.931 

0.944 

•55. 

1.010 

2924.72 

99 

0.1120 

290.41 

•4S.7 

10.047 

0.0429 

4.99 

434!94 

0.931 

0,944 

- 859. 

1.010 

2924,72 

29 

0,3130 

390.91 

•45.7 

10,447 

0.0424 

4.99 

434,94 

0,921 

0.944 

899. 

1.010 

2924.72 

30 

0.1130 

290,91 

047.7 

10.447 

0,0429 

4.99 

434.94 

0.921 

0.944 

899. 

1.010 

2924.72 

0.3110 

290,91 

•4B,7 

11,200 

0,0447 

9.12 

494,93 

0.921 

0.941 

•93. 

1.000 

2934.29 

0.1139 

200.41 

•49.7 

11.219 

0,0440 

9.12 

494,44 

0,921 

0,943 

094, 

1,000 

2934.34 

iv-8.  Continued 


omnir  ie« 


bOOP 

sot 

PO 

to 

pool 

POOX/PO 

NOI 

ROO 

CTAO 

too>to 

1001 

tooi/to 

001 

„ 

(») 

CP014> 

lOBOR) 

(P8U) 

(Dceiti 

IPT/<EC) 

O.lllt 

300.71 

047.7 

11.319 

0.0447 

8.13 

407.13 

0,931 

0.941 

053. 

1.000 

3914.49 

t.lSIO 

800,01 

049.7 

11.099 

0,0449 

8.31 

473.30 

0.931 

0,940 

953. 

1.007 

3940.91 

If 

•.174f 

800.91 

044.7 

11.144 

0.0473 

4.34 

403,11 

0.931 

0.919 

951. 

1.004 

8944.19 

0«I9I» 

300.01 

040.7 

11.979 

0.0470 

8,39 

490,09 

0,931 

0,938 

950. 

1.005 

3945.01 

17 

0.4140 

800.41 

047.7 

13.049 

0.0401 

B.ll 

490.49 

0.931 

0,919 

950. 

1.009 

3944.39 

••«»> 

800.41 

047.7 

13.047 

0.0403 

8.31 

491.10 

0.931 

0.919 

850. 

1,009 

3946.74 

0.4»X» 

800.41 

047.7 

13.070 

0.0403 

491.45 

0.931 

0.919 

050, 

1.009 

3946.90 

0.474S 

800.11 

940,7 

13,007 

0,0403 

sill 

491,00 

0,931 

0.939 

950, 

1.005 

3946.54 

41 

0.4710 

800.11 

047,7 

13.009 

0.0403 

B.ll 

491,01. 

0,931 

0.919 

950, 

1.005 

3946.57 

0.4900 

390.11 

040.7 

13.000 

0,0401 

S,31 

490.73 

0.931 

0.919 

950. 

1,009 

3944.41 

41 

o.stio 

300.01 

040.7 

13,007 

0,0401 

8,11 

490.90. 

0.931 

0.910 

950, 

1.005 

2946,99 

• j 

0.4140 

>00.41 

047.7 

18.043 

0,0401 

491,17 

0,931 

0,917 

949. 

1.001 

2944.40 

^ i 

0*7139 

300.01 

047,7 

18.014 

0.0401 

490.19 

0,931 

0,917 

849. 

1,001 

294J.98 

4f 

0,lll4 

300.31 

847.7 

11.999 

0.0479 

olio 

409.44 

0,931 

0.919 

950, 

1.009 

8945.23 

1 1 

47 

0.9109 

3.00.41 

940,7 

11,994 

0,0479 

4. 10 

409,43 

0^931 

0.91? 

949. 

1.00] 

3941.49 

09  1 

4f 

1.0109 

>90.11 

940.7 

13.010 

0.0400 

0,10 

409,99 

0.921 

0.917 

949. 

l.OOJ 

3941,74 

4t 

1.8441 

300.11 

947.7 

13.001 

0.0401 

B.ll 

491,53 

0.931 

0.917 

949. 

1.003 

3944,99 

o 

to 

1.0101 

300.11 

940.7 

11.974 

0.0474 

0,37 

404,37 

0,931 

0.914 

947. 

1.001 

8997,11 

g 

1.7000 

aoo.si 

'947,7 

11.494 

0.0447 

0.31 

490,34 

0.931 

0.911 

944. 

0.999 

8911,81 

rt 

03 

s.oioi 

300.11 

949,7 

11.710 

0,0449 

0.34 

491.00 

0,931 

0.911 

944, 

0.999 

3913.81 

■ 1 

a^  . CALIOMTIOI  COMTWTf 

0 

Oi 

o>  too* 

9.tf4l«0| 

Ml*  3. 

i00B*04 

A98B  0. 

000B400 

AQla  0. 0008*00  004-  O.000k*O0 

t 

. 

. t 

NBAN 

VJUtOBO 

P’b 

■ 300.03 

POT* 

QCXHPlB 

890S.3  PT/OBC 

. 

to 

■ 944 

.4  DBGR 

0<XMF)B 

4,144  PSX* 

PCXNPIs  0.1473  P9» 

tCXRPlB 

104.7  OMR 

REdKPIa  9.474fe447  PER 

Pt 

POP  ■ 

7.70  P8XA 

m<xiina  o«i4>K*o7  L»r-sce/m  mocxiif)*  e«is«s-«s  sluos/ft] 
XP  • •It4.  CM 


AMtlM  • MDC  DITISZON 

a amiORUp  cokpomtioii  cokniit 
VM  KAMIU  Mft  OTMUilCA  raClLlfY 
MvoiiO  am  roRCB  mTimi*  tna 


PRojact  no  T4iB-Naa 

■aNBO/OOTR  RWRRaONZC  VURRULBRT  RODND«RV  bATXR  tNT£aTX6A*|ON 

PHA8B  ZX 


DAIE  COMPUTED 
OATS  RECORDED 
TIRE  RECORDBO 


OMHIP  lOa  AbPMA  RODEL  ■ 0,01  DEG.  DEH  PT>*3atOO 
NCIRPIa  S.tS  ALPHA  PH  ■ 0.00  DEO.  (DEO  PI 
EKXHrXs  «»y44EP0i  PER  PT  ROLL  ■ DEO. 


CONPZCURATIOR  HOSE  PAOTUa.XN 
T-DEG  CORE  SHARP 


DATA  TYPE 
OVERHEAD  PROBE 

ROBHDARt  LATER  TALDES 


PROBE  BTATZOM  ■ SI.BSO  IM.  8TATX0B  HO.a  1 
PRESTON  TUBE 


DEL  ■ 0.3TT9  XH. 

DEL*  ■ 0.14S0  XH. 

DELI  ■ 0.0130  XH. 

DELI  ■ 0.0217  XH. 

DELS  ■ XH. 

HI  • 12.4700 

H2  ■ 0.0401 

TED  ■ 001.4  OEOR 

OOEDH  2044.1  PT  PER  BECOBD 

RROEO*  2.11BE-04  BLtfOB  PER  PTI 


PTAUO*  9,4961E«01 
HTAUO*  1.3412B«01 
RTAUb*  2.199tR«0t 
Plir  ■ 1.0I11B401 


Ot 

4 


MEAN  VALDES 
PQ  ■ 200,02  PSIA 
TO  ■ BAS. 4 DEGR 

PCINPl*  0.1S72  PBZA 
RE(XHP)«  O.4T4EA07  PER  FT 
NUCXHPIb  0.S41E«07  tiOP«OEC/PT2- 
XP  ■ 4124.  eVB 


UCXNP)*  2900,2  PT/SBC 

O(XHP)*  4.144  P8XA 

T(ZRP)b  104.7  DEGR 

PbP  ■ 7.70  PBZA 

RHOCZHP}*  0.114E*0)  BLD6B/PT> 


10-JUN<*7a 
14- APR-70 
ItlOl  1 


TRIP 

mOME 


IV^8.  Concluded 


